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PREFACE. 



In undertaking, at the request of the publishers, 
to select from a number of English works one 
which would serve as an introduction to natural 
philosophy, suited to the purposes of the School 
District Library, great difficulty was experienced 
in the choice. Of the books submitted by them, 
some were too difficult to be understood, while 
those of a more popular character were deficient 
in scientific accuracy, or behind the present state of 
knowledge. While thus engaged, an "Introduc- 
tion to the Study of Chymical Philosophy," by Pro- 
fessor Daniell, of London, came, by the politeness 
of its author, into the hands of the editor. On pe- 
rusal, it appeared, although intended for a far dif- 
ferent purpose, to contain matter in the very form 
and of the vsry description which was wanted. 
While, therefore, an apology may seem due to 
that learned gentleman for stripping his work of 
the very parts which constitute its direct object, 
the editor feels satisfied that he is presenting to the 
American public the most lucid composition of the 



X PREFACB. 

leading facts and principles of natural philosophy 
which has yet appeared in the English language. 

In adapting the work of Professor Daniell to the 
present object, all that was strictly chymical has 
been omitted, and with it the exposition of the 
views of Faraday in relation to the connexion of 
electricity with chjrmical affinity. Some few alter- 
ations have been made in the text to adapt it to the 
American reader, and a variety of additions have 
been introduced to render the work more general 
and popular in its character. The most consider- 
able of these havp reference to magnetic and opti- 
cal instruments, and to acoustics. 

J. R. 

Columbia CoUege, Oct., 1839. 
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NATURAL PHILOSOPHY. 



^ 1. Experience, or the repeated evidence of our 
senses, and an irresistible belief that " like causes 
will ever produce like effects," constitute the sound 
JToundation of natural knowledge. 

The convictions arising from these impressions 
have directed the intellect of man, in all ages and 
in all stations, to control the powers which have 
been imparted to the material universe to his own 
advantage ; the maintenance of a bare existence in 
savage ufe being no less dependant upon them than 
are the polished arts of civilized society. It is 
strange, however, to remark how long a time elaps- 
ed, even in a state of high intellectual culture, be- 
fore it was discovered that the same principles 
which teach the mere child that fire will bum, that 
water will flow, and that a moving stone will inflict 
a blow, and to guide his conduct accordingly, would 
lead to that higher acquaintance with the powers 
of nature which we distinguish by the title of nattt- 
ral philosophy. The powers of reason had been ex- 
ercised with success upon abstract science for ages 
before the voice of Bacon proclaimed, and insisted 
earnestly upon, the advantages of extending ex- 
perience by experiment, and of adopting the accu- 
rate pbservatioti of phenomena as the only safe 
Nf ^de in physiccd investigations ; but from the mo- 
^ ment that this course was entered upon by the pa- 
^ tient student of nature, natural science has advan- 
»A ced wfth a constantly accelerating progress, exiend- 
/f ing the power of mind over the forces pertaining 
^ to matter in a corresponding degree. 
Qs It deeply concerns the student who proposed to 

I 
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himself to enter upon any branch of such investi- 
gations, that he should have a right perception of 
these truths ; that he should correctly distinguish 
the difference between abstract and naiurad science, 
and clearly perceive the road along which his course 
must tend. 

The contrast of these two great divisions of sci- 
ence has been forcibly represented by one oif the 
living masters of both. " A clever man," Sir John 
Herschel has obser^'ed,* " shut up alone, and allow- 
ed unlimited time, might reason out for himself aU 
the truths of mathematics, by proceeding from those 
simple notions of space and number, of which he 
cannot divest himself without ceasing to think ; but 
he could never tell, by any effort of reasoning, what 
would become of a lump of sugar if immersed ia 
water ; or what impression would be produced on 
the eye by mixing the colours of yellow and blue." 

^ 2. Experience, then, must be his guide ; not 
the mere passive experience of observation, but 
the active experience of experiment : that is, he 
must not only carefully observe phenomena as they 
spontaneously present themselves to him in the or- 
dinary course of nature, but he must purposely con- 
trive and vary circumstances, in order that he may 
observe them. 

To personal experience he must also add the 
well-attested experience of others ; and the expe- 
rience of past ages as well as of the present ; and 
as, by following this course, the generality of man- 
kind attain to such an acquaiatance of the proper- 
ties of matter as ensures their comfortable exist- 
ence, with which sensual object they are content ; 
so he has but to persevere in the same, and it will 
lead him to that intimate knowledge of the order 
of creation which constitutes science, and which 
is an object of ambition worthy of a rational crea- 
ture. 

* Hbrschsl's Discourse on Natural Philoeopby, p. 76. 
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The immediate wants of their nature early taught 
the human race to direct the agency of heat to their 
supply; and the accumulated experience of ages 
widely dififiised, has given the most unreflecting 
a command over that principle, which strongly con- 
trasts with the general ignorance concerning the no 
less general and powerful principle of electricity^ 
the very existence of which could scarcely be said 
to have been recognised till within the last century. 
When well-directed observation shall have been 
brought to bear upon this all-pervading power as 
upon the former, it is scarcely possible to indulge 
too sanguine hopes of the practical advantages 
which may flow from such extended knowledge. 
The forces of nature, indeed, are the powerful, but 
submissive servants of man, and through their 
agency, he has been endowed with a subordinate 
power of creation ; but their respective actions have 
been limited by laws which cannot be transgressed ; 
and in a knowledge of these limits consists the 
secret of their application. 

^ 3. There are two great mistakes which are 
commonly committed by those who enter upon a 
systematic course oi physical inquiry ; and not only 
by those who are commencing, but by those who 
undertake to direct such studies : the first is, the 
neglecting to form a proper connexion with pre- 
viously acquired knowledge, the undervaluing the 
results of their ordinary experience as parts of the 
system, as the first rounds of that intellectual lad- 
der by which they aspire to scale the loftiest heights 
of philosophy : and the second is, the substitution 
of names for things, the vague acquirement of cer- 
tain terms, certain forms of expression, instead of 
a real understanding of objects and principles to 
which they have been applied : " terms of ignorance 
and of superficial contemplation," as Lord Bacon 
^dls them. 

The process may be repulsive to the too common 
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self-sufficiency of imperfect knowled| 
invited to reflect and reason upon the 
vations of childhood (simple indeed, 1 
easy than those which he will be call 
gressively to make), the student oug 
more ofience than when, in the outset 
rical studies, he is referred to the ax 
evident truths, that " things equal to 
equal to one another," stud " the whole i 
its parts." It is from the known that h< 
to the unknown ; and it is all-important 
his footing sure, and miss no step by t 

^ 4. Something more, in fact, is ne 
the mere observation of phenomena ; t 
a process of reflection upon the evic 
senses : the foundation must be crown 
perstructure of thought and reason. 

Professor Whewell, in his recent i 
Inductive Sciences, has accurately ren 
" two things are requisite to the forn 
ence, facts and ideas ; observations oi 
outj and an inward effort of thought; 
words, sense and reason. Neither of th< 
by itself, can constitute substantial ge 
edge." It is owing to a defect in thii 
cess that different arts have often attai 
siderable decree of perfection long 
could be said to form parts of a gene 
of science. The chymical arts of 
metallurgy, dyeing, and many others, 
to the ancient Egyptians, who probably 
ignorant of the principles of chymica! 

The aim of the student, then, must b 
obtain distinct facts, but clear ideas of 
ion of these facts. Now it is by i 
thought and operations of mind, whi 
familiar, that the observations of exi 
experiment are connected into the ord 

* Whiwill*s History of the Inductive Scienc 
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vestigation. ]t is then that the most ignorant and 
simple-minded are capable of understanding what 
appears to be almost self-evident; and the multi- 
tude of such governing principles, so established 
and registered in her archives, constitutes the great 
advantage of modem science. 

^ 5. In framing the hypotheses or suppositiona 
which commonly precede the discovery of the real 
laws and true theory of phenomena, there is one 
useful guide which is so often referred to as to ren- 
der it expedient to explain its nature and appella- 
tion, and that is analogy or similitude. Design soon 
becomes apparent in the order of creation ; and this 
design, as far as our limited faculties can trace it, is 
uniform ; and in the system of the universe every 
part is doubtless proportioned to the whole. No 
intelligence but that of Omniscience can compre- 
hend the plan, the theory of the universe ; but, from 
the plan of such small portions as have been mas- 
tered, we are often enabled successfully to antici- 
pate the order of other portions ; and thus to obtain 
a guide to experiment, to which the ultimate appeal 
must always be made. Analogyy therefore, may 
serve to suggest and limit hypotheses ; and of such 
conditional speculations we nave the highest au- 
thorty for saying, that *' a facility in framing them,, 
if attended with an equal facility in laying them 
aside when they have served their turn, is one of 
the most valuable qualities a philosopher can pos- 
sess."* 

^ 6. Now, to apply these few plain principles to 
our present purpose : With regard to precision of 
terms, the mere enunciation of the object of the fol- 
lowing pages will afford us an opportunity of ex- 
em plifymg and enforcing our meaning ; it is an in- 
quiry into THB FORCES OR POWERS OF MATTER. Lot US 

endeavour to ascertain and define the meaning of 
the expressions matter and force : the words are 

* Hebschbl'i Difcoorrw. 
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of common occurrence ; but have we that distinct 
notion of them, those clear ideas concerning their 
import, which it behooves us to have, in the- strict 
and accurate investigation upon which we are about 
to enter? 

^ 7. Oar first knowledge of matter is derived from 
our touch: a consciousness of resistance in sur- 
rounding objects to the sense with which our bod- 
ies have been endowed, impresses us with a con- 
Tiction of their substance, of their extension, of their 
impenetrability, of their power, that is, to exclude 
everything of the same kind from being in the same 
place. This tactile property is possessed by differ- 
ent parts of the skin in very different degrees ; and 
some parts of the body, from their peculiar organ- 
ization, are capable of much more deUcate impres- 
sions from objects with which they may be placed 
in contact than others. With regard to extension, 
for instance, it appears, from the experiments of 
Weber, that the tips of the fingers or the tongue 
are capable of appreciating the distance between 
the points of a pair of compasses which are only 
one line apart ; while the arm or the thigh would 
confomid the two impressions together, even at the 
distance of thirty lines. Those whose touch has 
been educated by practice, can rule, by their feeling, 
fine linear divisions which are totally inappreciable 
to the most experienced eye. 

Different degrees of resistance may even inform 
US of the cUfferent states in which matter exists : a 
touch will satisfy us that the parts of some bodies 
are immoveable among each other ; that the par- 
ticles of others are moveable with little resistance ; 
while the passing breeze of air will convince us that 
matter exists in a form which yields to the slight- 
est breath. A little reflection upon our sensations 
may thus establish a difference between solid, liquid, 
and aeriform matter. Experience, again, aind the 
oft-repeated experiments, it may be said, of infancy, 
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teach us to combine observations of touch with 
those of sight and hearing; and thus we learn to 
substitute the indications of one sense for those of 
anothei:, and to judge of distant forms of matter. 

With regard to the ultimate constitution of mat- 
ter, we cannot hope to attain to a clearer concep- 
tion than that which presented itself to the com- 
prehensive, but humble mind of Newton ; and that 
transcendent philosopher has thus imbodied the re- 
sult of his patient investigations : 

*' It seems probable to me that God, in the begin- 
ning, formed matter in solid, massy, hard, impene- 
trable, moveable particles, of such sizes and figures, 
and with such other properties, and in such pro- 
portion to space, as most conduced to the end for 
which he formed them; and that those primitive 
particles, being solids, are incomparably harder than 
any porous bodies compounded of them ; even so 
very hard as never to wear or break in pieces ; no 
ordinary power being able to divide what God him- 
self made one in the first creation." 

^ 8. It is, however, no less necessary to test the 
accuracy of our notions derived from common ob- 
servation and the first impression of our senses, 
than to guard against the careless adoption of ill- 
understood generalizations of the results of experi- 
ment in our after progress ; and we must be par- 
ticularly careful to correct the prejudices which are 
but too apt to infect the mind from this first foun- 
tain of our knowledge. With regard to the abso- 
lute hardness, for instance, of the ultimate atoms 
of all kinds of matter; from the smooth flowing of 
water, and the gentle breathing of the air, we derive 
a notion of softness which we can scarcely sep- 
arate from the constitution of their ultimate parti- 
cles ; but if we take a portion of water in a glass 
tube, which has been carefully freed from air by 
boiling, and afterward hermetically sealed, we shall 
find, upon agitating it, that the particles strike one 
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3r with a ringing sound, quite nndistinguish- 
rom that derived from the collision of metals. 
a little apparatus is commonly made, and 
by the name of the water-hammer. So with 
I to aeriform matter; a mixture of airs may 
ifined in a mere film of water, which, ezplo- 
t a lighted taper, will allow the particles of the 
phere to rush together so suddenly as to pro- 
a loud report, the result of the collision of 
rm atoms. 

in, Newton has drawn a marked distinction 
en the solidity of " primitive particles" and 
f the bodies compounded of them, asserting 
tie latter are porous : and yet we seem but to 
ing fair credit to the testimony of our senses, 
ieving that the particles of a soUd metal must 
close contact. A little reflection again may 
;t this prejudice. Many metals may have 
iensity increased, t. e. , their particles approx- 
i, by mere hammering or pressure ; but to this 
is a limit : all soUds may have their particles 
ximated by cold, and to this no hmit has been 
scertained. Particles which admit of such 
r approach to each other cannot, of course, be 
se contact ; a mass, or an assemblage of such, 
be porous. 

If we are liable to such errors of judgment 
^egard to matters of direct observation, how 
il ought we to be, and how diffident, in im- 
ig notions of things which are wholly beyond 
ognizance of our senses; as of the sizes, 
, or weights of the " primitive particles" or 
of matter. We can carry the palpable di- 
of some substances to an almost inconceiva- 
:tent, but we have no reason ^to suppose that 
lereby even approximate to their ultimate 
resolution. 

gallon of water weighs 70,000 grains; one 
of a grain of green vitriol does not cooSc^^ 
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quite one fiftieth part of a grain of iron ; if we di9- 
solve this quantity of the salt in the water, its diffii- 
sion throughout its whole mass may be rendered 
perfectly visible by the addition of a little tincture 
of the gallnut ; »'. e,, it may be proved to the eye 
that each grain of water contains the seventy thou- 
sandth part of the fiftieth of a grain of iron ; a 
quantity far too minute to be ascertained by the 
most delicate instruments, and of which the ima- 
gination itself cannot possibly frame an accurate 
conception : and yet we dare not assert that this 
inconceivably minute quantity bears any assignable 
proportion to the weight of a primitive particle. 

^ 10. But to proceed : we are famihar with mat- 
ter in two states, viz., at rest, or undergoing a change 
of position in space ; but no particle of matter, nor 
assemblage, nor compound of particles of matter, 
possesses within itself a power of changing its exist- 
ing state of motion or rest ; a passive quahty which 
is generally designated by the term inertia. This 
term, however, appears to have been not very hap- 
pily chosen, inasmuch as it might be taken to des- 
ignate inactivity with regard to other bodies, which, 
if we were to admit, we should deny that inherent 
activity by which it is probable that every particle 
of matter is capable of acting upon every other par- 
ticle in the universe. 

When we are told that a body at rest would for 
ever remain quiescent unless it were to receive an 
impulse from some extraneous power, the mind at 
once assents to the proposition ; it seems to agree 
with the results of our experience; the bodies 
which surround us move not until some power from 
without sets them in motion : but it requires some 
reflection in those who, for the first time, consider 
the subject, to perceive that bodies in motion would 
for ever continue to move unless they were stop- 
ped by some exterior power. Common and care- 
less observation seems to contradict this part of the 
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proposition: we know of no motion on the surface 
of the earth but what comes to an end, unless ex- 
traneous power be applied not only to produce, but 
to maintain it. This prejudice will, however, be 
corrected by the observation, that all such moving 
bodies meet with resistance from counteracting 
forces, and that the heavenly bodies, the only ex- 
amples with which we are acquainted of unresisted 
motion, continue constant in their courses. More- 
over, we are not without familiar instances of this 
tendency to a persistence in a state of motion. 
If we suddenly check motion in an open vessel fill- 
ed with a liquid, the rigidity of all the parts of the 
solid mass brings them simultaneously to a state 
of rest; but the mobility of the liquid particles of 
the combination allows of their continuing in mo- 
tion in their original direction, and the liquid is 
spilled. The careless setting down of a pail of 
water or of a cup of tea, may thus, with proper re- 
flection, illustrate an important principle. 

^11. Now every particle of matter which we 
see around us is under the influence of several 
FORCES, exerted upon it both by distant and adjacent 
particles, and upon which it acts in return ; for 
the action of one body upon another is always ac- 
companied by a reaction of the latter upon the for- 
mer of the same intensity in the opposite direction. 
To these forces the motions which we observe in 
some bodies are owing, and upon their b^\Ann^Uif; 
apparent state of rest in others is dep-^n/iant' ';'. Ji 
therefore of the first importance that wtt %hry;'ut 
form as accurate a notion as possible of t.^»* aut^rJ 
ing of the general term rottci. T:^, U»:^,-m -7 
analysis of the subject, by Sir John ff*Tv,r.«»:. " ^-i.- 
ly refers the origin of •Ju; idea Vj tot ''..'>r-v/.ovi w*-^^ 
of each individual.* 
" We are conscious of a jov-w v, .':v,^#, vv* \* 
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limbB, and, by their interventioi 
thia effect is Ihe result of a cerL 
cess which we are aware of, b 
force; and even when such exi 
visible effect (as when we press 
lently together, so as just lo of 
effort), we still perceive, by ih 
haustion, and by the impossibiU 
the effort long', thai something i: 
us, of which the mind is the agent 
determining cause." In the case 
by the tight hand, and met by an 
the left, the two, acting in opposite 
ly neutralize each other, and no n 
effect is preMure ( they exactlybal 
and may be said to be in equtlibn- 
a similar power of generating f< 
mals by opposition to our own ; 
imate seat of it is in the muscles, 
miitculnT or animal force. This (c 
municated to inanimate matter, 
ject a Btone from the hand ; and 
set in motion carries force with i 
arreating it in its course. Thus, 
at cricket, we feel a shock, and 
hand might even be fractured by 
not at first yield a little to its co 
concentrated to the same mass 
tion, as when a slone, which, wh 
hand, will inflict a comparativel; 
continuously acted upon by the i 
intermedium of a sling, it will at 
ed with an intensity of action cap 
very violent effects. We thus lea 
tion in matter, however produced, 
indication of force. 

Velocity of motion may, when 
llio same, be taken as a measure i 
(as force thus transferred to movii 
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ter is called), and by multiplying the mass of a 
body by the square of its velocity, we in all cases 
learn its momentum, or the quantity of force which 
it is capable of exerting upon other bodies opposed 
to it. The investigation of the laws of motion con- 
stitutes the province of dynamics. 

^ 13. This force, which we can exert and com- 
municate at will, and which can be generated by all 
animal bodies, we may soon become sensible may 
be opposed by other forces appertaining to inani- 
mate matter. For example : in lifting a lump of 
iron, or lead, or stone from the ground, we are con- 
scious of the same kind of opposition and conse- 
quent exertion as when we violently press one 
hand against the other ; and whatever opposes force 
must be force. If the force which we apply be 
greater than the opposing force, which we famil- 
iarly denominate weight, the mass is raised ; but we 
may so adjust the two that they may be in equUib* 
rio, and then no motion will be perceptible ; but we 
shall feel its pressure, and, if the mass be consider- 
able, we shall not long be able to maintain the bal- 
ance, from exhaustion and fatigue, and the mass 
will fall to the ground. 

Again, by pressing with the arm upon a strong 
spring, or in drawing a bow, we feel another oppo- 
sing power, which we denominate blasticitt. At 
the first impression motion may be produced, be- 
cause muscular force may have the advantage ; but 
we shall soon become conscious of a gradually in- 
creasing opposition, which our utmost exertion will 
not be able to overcome ; our highest degree of 
force will be balanced ; fatigue on our part will put 
an end to the contest, and the elastic body will re- 
turn to its former state. If the opposition be sud- 
denly withdrawn, and the bow be allowed to act 
contmuously in its return upon a body which is free 
to obey the impulse, the bolt or the arrow will have 
a projectile force communicated to it of consider- 

C 
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able intensity, as in the case of the stone fronl the 
sling. 

§ 13. The very same effect may be produced upon 
the spring or bow by the action of the weight as 
by the power of the arm ; and if we were to place' 
the pass of iron upon the former, or suspend it from 
the latter, the heavy body would be supported, and 
the elastic body would be bent. Weight may thus 
be opposed to elasticity, and at a certain point they 
will balance each other : at this point no motion or 
visible effect will be produced ; but the two forces 
will not on this account cease to act any more than 
in the case of the opposite pressure of the two 
hands ; they will exert pressure upon each other. 
Each of these forces having been separately esti* 
mated by our exertion and consciousness of mus- 
cular force when opposed to them, we cannot resist 
the direct evidence of our senses, that " nqatter is 
thus capable of exerting upon matter the same kind 
of effort as that which we appreciate from a men- 
tal impression."* 

There are several varieties of such force, all of 
which may either mediately or immediately be refer- 
red to the standard of our own exertions. Some 
of these cause masses of matter to approach and 
others to recede from each other ; the former are 
classed together under the name of attraction, the 
latter under that of repulsion. The laws of these 
motions, and of the equihbrium of these forces, the 
intellect of man has been able to develop ; but the 
origin of the forces themselves, though clearly per- 
ceived to be various, appears to be beyond compre- 
hension, even when that origin is in his own will. 
We cannot, at least, refer them to any secondary 
cause, and we must be content to know that they 
are powers conferred upon matter by the will of 
the Creator, for the maintenance of the order of 

* Heeschel's Discourse. 
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his creation. Thus much the intellect of a child 
can comprehend, and to nothing more did that of a 
Newton attain. The effort which we feel that a 
mass of iron makes to fail to the ground, is due to 
an attractive force between it and the earth, which 
we denominate orayity, and is a universal power 
of nature ; that which we feel the spring make to 
recover its first position when we press upon it with 
the hand, is due to the repulsive force of elasticity, 
and is possessed in very different degrees by dif- 
ferent kinds of matter. 

Before we proceed to inquire into the laws which 
limit the action of these forces, it will be well to 
indicate certain other varieties of repulsion and at- 
traction^ which will come within the scope of our 
inquiry. 

$ 14. It was observed by the ancients, and the fact 
is mentioned by Theophrastus, that when a piece 
of amber is rubbed, it acquires the property of at* 
tracting light bodies. The Greek term for amber 
being electron^ the unknown cause of this phenom- 
enon has been called electricity. It was not till 
the commencement of the seventeenth century that 
the same property was found to be conferred, by 
friction, on various other bodies, as glass, sealing- 
wax, sulphur, &c. ; and later still, that any two 
dissimilar substances, when rubbed together with 
proper precautions, are capable of exerting the 
same attracting force. Farther observation has 
shown, that after bodies have been thus attracted 
to the rubbed surface, they will be repeUed from it 
by an equal but opposite force ; and the phenomena 
will be presented to us in a striking light if we sus- 
pend a feather from a piece of silk, and approxi- 
mate to it a tube of glass, which has been rubbed 
with a silk handkerchief; the feather will be attract- 
ed to the tube from a considerable distance, and, af- 
ter attaching itself to it, will fly off, and cannot be 
made again to approach it. Both this attraction and 
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repulsion will overcome the force of grav 

the feather, and by its opposition we can 
the amount of either. 

4 15. Again: there is an ore of iron whicl 
nion in Sweden, which has received the 
loadslone, from the property it poaaeases of 
when freely auapendt^d, to the polar star, 
star, as it was formerly called; it has boe 
from remote antiquity to possefis the pow 
Iracting small pieces of iron ; it is said 
abounded in Magnesia, a province of Lydi 
mentioned by Pliny under the name of 
hence the properly derived the name of ka 
It is capable of being communicated to ban 
by friction, which are also called mogneti 
take two bars so prepared, and balance one 
upon a pivot, we may again have the oppc 
ces of attraction and repulsion exenipltfi' 
this new source ; for upon approximating 
of one magnet to a certain end of the olhe 
is free to rotate, they wiJl approach each ot 
considerable energy ; if the other end be p< 
to it, they will separate with equal velocit] 
attraction we can feel and estimate by the ( 
force which wo must exert to pull away & 
iron which is under its influence. Artiiicial i 
as well as the loadstone, when freely bdi 
take up a definite position with regard to 
ofthe earth, orlhe extremities of any other 
hence this property has been termed pebtr 
forces which are conceived to act wiln equ 
sity in opposite directions at the extremitii 
axes or molecules of masses of matter, are 
in a led polar fortes. 

ij 16. The forces which we have thus de 
may be distinguished as external fobces, 
act upon inassea of matter at sentt'ble di 
there ue others which act only upon its coi 
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'dioleciiles, and at insensible distances, and may be 
called nmRNAL or MOLSciTLAa roacss. . 

^ 17. The first and most -general of these is ka- 
mogeneaus oitrabHoti- or c^sumd- If we take two 
masses of lead,'OJDi which two perfectly smooth sur- 
Ikces have been cut — a cloyen ballet will answer 
the purposes of illustration — and bring these planes 
in contact, we shall find that they cohere or attract 
each other with a force which we can appreciate by 
a muscular effort to separate them : or by opposing 
to them the gravitation or weight of another body, 
for we may suspend a heavy substance to them 
without forcing them asunder. In the same way, 
two ^eces of plate-glass cohere strongly together, 
when brought mto contact, by their polished faces. 
It has often happened in manufactories of this arti- 
ide, that the plates, which, after receiving their last 
polish, are placed in cases where they are arranged 
uke books in a bookcase, a litUe inclining upon 
each other, have been found to have contracted so 
strong a cohesion as not to be separable without a 
firactnre ; and sometimes three or four plates have 
thm become so incorporated as to bear working to- 
gether, and cutting with a diamond like a single 
plate. Some specimens, which were selected from 
the'mannfacture of St. Ck>bin, were found to be thus 
muttdd no less intimate^ than if they had been 
Itased together; and when a violent degree of force 
was ap^ed to make them slide from each other, 
the experimenter was suiprised to find that the sub* 
stance of the glass was actually torn, so that the 
narfyce of one was actually covered with large 
flakes detached from the substance of the other. 

Another example of this force is afforded by the 
nmning together of two globules of mercury or 
two drops of water; the moment they appear to 
tikich each other, the^r coalesce and become one. 
Chie of. the most striking illustrations of homoge- 
--'--' attractMm is afford^ by 'sifting some finely 

C3 
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powdered resin upon a plate, and carefully 

ing a few dropa of water upon it; each 
will assume an almost perfect globular foi 
the equal action of this ibrce, i[i ail directit 
the centre, in obedience to which the par: 
each mass are free to move i these sma; 
may be made to roU about in all directions, 1 
shot, by inclining the plate. When made { 
touch each other, they still continue eepa: 
liquid particles being defended from actual 
by the Ught dust with which they are po' 
but when, by greater violence, this ia di 
they immediately run together. 

This is the force which connects the par 
bodies together in the sohd form with gr 
less energy, and which still prevails in 
though reduced to a less amount by an o 
force which we must presently indicate. V 
Geen from our experimental illustration sho 
ity or muscular force may be made to act i 
sition to it, and the two may be combined tc 
degree of intensity by the conlinuous act, 
instance, of the sledge-hammer, that the a 
of the hardest sohd may be obliged to yield. 

And here it may be remarked, that lime is 
portant element in the action of force. A 
mass of matter moving with a certain mo 
strikes against a substance whose cohesion 
ficient to resist the force which it conveys, t] 
ture of the latter is the consequence, and t 
mentom of ihe former may be destroyed ; 
greater velocity be given to the mass, it mi 
through the opposing substance with little co 
live injury, and still continue to move. ' 
leaden bullet projected from the hand may 
ish a plate of glass, while the same bullet ir 
from a gun will pass through the plate and 
it with a small hole, without destroying the 
sionia any other p^rt lu the practice of ar 
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irhere it is required to batter down walls or the 
sides of a ship, the charge of gunpowder is so regu- 
lated as that the projectile may not be carried 
tlurough the object aimed at; as in that case the 
time of its passage is not sufficient for the transfer 
of the force from the moving body. 

^ IB. Elasticity also may be made to act against 
conesion ; and a most beautiful instance of the eqtd- 
Uhruun of these two forces is presented to us in the 
common schoolboy's pls^thing called a Rupert's 
drop. This is a drop of glass suddenly solidified 
by dropping it into water ; its cohesion is very con- 
siderable, as we may ascertain by the force which 
would be required to crush it ; it will bear the pres- 
sure of half a hundred weight without injury. Glass 
is also a body endued with a high degree of elasti- 
city, which is greatly increased by heat. When 
tiie exterior molecules are suddenly cooled they 
contract, and violently compress the stiU heated 
interior particles. That these retain their state of 
tension, and strive energetically to recover from it, 
even after they are cool, is proved experimentally. 
If we grasp the drop in one hand, and with the 
other break off the point or merely scratch the sur- 
face, we diminish the force of cohesion, and the 
elasticity assumes the ascendency, breaking the 
mass to an almost impalpable powder, and giving 
a violent shock to the hand which grasps it. By 
holding it under water in a stout glass bottle ot 
other vessel, the effect is rendered still more stri- 
king ; for, upon scratching the surface with a file, 
not only is the drop, but the containing vessel^ shiv- 
ered into a thousand fragments. 

^ 19. But the real, and, but for one remarkable 
exception, universal antagonist of cohesion, is the 
repulsive force of heat : and of the meamng, again, 
of this term, our consciousness will afford the besi 
explanation. The sensations of the most ignorant 
leach them to apply a meaning to the terms hot and 
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cold, which the most philosophic definition woidd/ 
not at s^ elucidate. Common experience proves to 
us that the unknown cause of these sensations is an 
agent of the most powerful and active kind : we* 
find it continually employed both in the processes 
ef nature and the arts ; we recognise it as destroy-' 
ing some substances, melting others, rendering oth- 
ers luminous, and converting others into vapoar»> 
The hidden cause of all these effects we term heaif 
as weU as the sensations which it produces upon 
our organs. Our ignorance occasions this confu- 
sion of language, and we ovly attempt to disguise 
that ignorance when we substitute the term caloric 
for the mysterious cause, and confine the term heat 
to the sensation produced. 

^ 30. When we take a half flaccid bladder, and 
expose it to any of the common sources of heat, as 
by holding it before the fire or pouring hot water 
upon it, we invariably communicate a repulsive 
force to the air which it contains, causing the par- 
ticles to recede from each other, and distending the 
bladder to a degree which, if properly confined, will- 
cause it to burst with a loud report. Here again 
we may /ff/ the force which causes the aerial mole- 
cules to repel each other. Common experience 
ias also taught us that the application of heat will 
quietly subdue the cohesion which binds together 
^e atoms of the most solid metal, and which the 
most intense mechanical force can only very par- 
tially effect; and hence, again, we judge of the 
energy of the active cause. 

Such are the forces of homogenous attraction and 
repulsion ; antagonist powers which act upon the 
constituent particles of the same kinds of matter ; 
matter that is of the same sensible properties. 

^ 31. Referring back to our first acquaintance 
with matter, we have not only been assured of its 
existence, of its substantiality, of its impenetrabil- 
ity, of its solidity, of its fluidity by our touch, bnt 
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our other senses have discovered to us different 
kinds of matter ; matter of different sensible proper- 
ties. Oor taste has informed us of sapid and insip- 
id, of acid and sweet, and bitter and saline matter ; 
our organs of smell, of odorous and inodorous bod- 
ies; our sight, of blue and green, and black and 
white, transparent and opaque. It is in the recipro- 
cal action of bodies of such different essences that 
we trace the existence of our next active force. If 
we simply dip a piece of metal or g:las8 into water, 
and withdraw it, we shall have an illustration of it 
in the wetting of the solid ; a portion of the liquid 
will adhere to it : we can estimate the amount of 
the force by the weight of the water which may 
be raised under its influence. If we repeat the ex- 
periments before referred to, of placing a few drops 
of water upon a fine dust, substituting powdered 
flint glass for resin, we shall be able to contrast this 
force of heterogeneous adhesion with that of hotnoge^ 
neous cohesion; in the former case the drops of 
water assumed a spherical form, under the influ- 
ence of the last power ; in the latter case heteroge- 
ne&us adhesion will overcome homogeneous cohesion ; 
ibe powdered glass will be wetted, and the water 
will be absorbed. 

^ 22. The last force which it will be necessary 
to specify, to complete this general view of the 
forces, is chtbcical affinity, the highest degree of 
heterogeneous attraction. The action of tlus mar- 
vellous power between the ultimate particles of dif- 
ferent kinds of matter, constitutes matter of distinct 
qualities ; matter differing in essence from any of 
its ingredients ; matter possessing no sensible prop- 
erty in common with its constituent elements but 
that of their gravity combined. . An inquiry into 
the laws and results of its action constitutes the 
chymist's peculiar province. 

( 83. These illustrations may serve the useful 
purpose of fixing upon the siinds of beginners in 
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science some definite notions of the nature of tM' 
forces which principally concor to the prodoctiiMi' 
of chymical phenomena; the particular laws of' 
their several actions, as far as they are condoeife- 
to this resolt, it is the oliject of the following pagae 
to examine and iUnstrate ; and for tlus porpose w- 
will take them nearly in the order in which tlief 

haye already been notified ; and first, with regard W 

*■ 

• ■ ' 

^ 84. The aUraeiitm tf gramtatum is exerted bti^ 
tween masses of matter at & distance from each 
other ; it is that sublime power which the astroi^ 
omer contemplates as eztendmg between aU the 
bodies of 'tiie solar system ; binding the planets in 
their orbits, and reaching through space to coun^ 
less other systems, at distances. of wnioh the raind^ 
of man striyes in yain to form an adequate conoej^ 
tion. With this stupendous and all-penrading fbro» 
the chymist has little concern, except as acting at 
the surface of the earth, and conferring the prop^ 
erty which we call weiglu. 

It may be exemplified not only by the fall Of • 
body to the earth, but by the improach towards each 
Other of masses of matter which are free to obe^ 
the mutual impulse. Thus, pieces of wood, npoii 
the surface of water, are attracted towards eadi 
other or the sides of the containing yessel ; and t)»a 
wrecks of ships are frequently found aggregated to* 
gether upon the surface of the ocean. • ^ ■' 

A fjlummety or weight suspended to a string, fi 
commoidy employed to indicate a line directed in^ 
mediately to the centre of the earth, and which is 
called a perpendicular. This is the direction of 
grayitation, which acts in straight lines, when undis- 
turbed, at the surface of the globe. The same ^xxay 
met, when suspended by the side of the abrupt 
precipice of a mountain, has been experimentalijf 
found to deyiate ftom this perpendicular, haying 
been drawn aside a minutOa but measurable quantityi 
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by the grayity of the mass in whose Ticinity it has 
been placed. 

In common language, we say that a stone or 
other heavy body falls to the earth : but the influ- 
ence is reciprocal; the earth is attracted by the 
stone as the stone is by the earth. The action is 
directly proportionate to the quantity of matter 
which each mass contains, and this is the first law 
of gravity. The quantity of matter in the stone 
bearing no assignable proportion to the mass of the 
earth, its influence, though certain, is inappreciable. 
. ^ 25. Here a^in it may be necessary to guard 
against a prejudice derived from careless observa- 
tion and an inaccurate language : lead is proverbi- 
ally said to be heavy, and a feather to be light ; and 
when a mass of leaid and a feather are suffered to 
fall together to the ground from a height (when 
abandoned, that is, at the same moment, to the ac- 
tion of gravity), the former reaches the bottom 
sooner than the latter, gravity appearing to act 
with greater energy upon one than the other. But 
if the experiment be made in a space void of other 
matter, the action upon both will be found to be 
equal ; they will both, fall together, and we- shall 
learn that the retardation of the feather, in the first 
instance, was owing; to the large surface which it 
presented to the resistance of the- air. In vacuo 
the smallest particle of matter and the largest mass 
fidl through equal spaces in equal times. Crramty, 
in short, is the power of transniitting to evejy par- 
ticle of matter a certain WelocLty absolutely inde- 
pendent of the number of imateml.particles : weight 
is measured by the effort which v must be used to 
prevent a given mass, or accumulation of particles, 
from obeying the law of gravity ; weight, therefore, 
depends upon the mass : gravity has no dependance 
at all upon it. 

^ 26, The intensity of the force of gravity is 
mesisured by the velocity of a body moving unre- 
sis^d under its influence, and is such that in this 
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latitude a body foils, in the first second of tii 
16.095 feet, or about 16 feet and one inch* 

^ 27. The second law of gravity is, that bodies 
attract one another in inverse proportion to the 
squares of the distances of their centres, to which 
their action may be referred. Now this is the law 
which regulates the action of all central forces ; of 
all forces, that is, which emanate from a centre, 
and spread themselves around that centre ; and its 
generality renders it particularly desirable that we 
should form an accurate notion of its reason. We 
can best explain it, perhaps, by reference to light. 
Common experience informs us that the intensity 
of light decreases with its distance ; and in what 
proportion, a httle consideration will enable us to 
determine. A lighted taper radiates its light in all 
directions alike ; if we imagine such a taper placed 
in the centre of an opaque globe four feet in diam- 
eter, its light will all be dispersed over, and arrested 
by, the si^ace of that globe, which will be illumi- 
nated with a certain degree of intensity. If we 
now imagine it removed to the centre of another 
sphere six feet in diameter, the same light will be 
spread over the larger surface, which will, of course, 
be illuminated in a less degree. The distance of 
the light from the surface of the first sphere would 
be its radius, or two feet ; from the surface of the 
second, three feet ; but the diminutions of the light 
would not be directly as 3 to 3, or as the mere Ssf 
tance, but as the squares of 2 and 3, or 4 to 9 ; for 
it can be geometrically demonstrated that the sur- 
faces of spheres, or any similar sections of sphereSy 
are as the squares of their radii ;(1) and it is clear 

(1^ The principle mav 
be illustrated by ezpen- 
ment in the following 
way : If» in the annexed 
diagram, 1 represent a 
board of a foot square, 
placed at a certain dis- 
tance frodi a light at «< it 
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Chat in each case the light is spread orer the whole 
surfaces, and, consequently, diluted in proportion 
to their surfaces. In the same manner and after 
the same law, the action of gravity is diluted, if the 
expression be aUo%?able, upon distant masses. 

^38. If a gravitating body be freely suspended 
by a string or rod from a fixed point, it will hang in 
a vertical position ; but if it be moved from that po- 
sition by a force laterally directed, it will rise in the 
arc of a circle, of which the point of suspension 
will be the centre, under the joint action of the 
moving force and the tension, or cohesion, of the 
rod or string. When it has reached the point at 
which its moving force is destroyed by the counter- 
acting forces of gravitation and cohesion, it will 
imm^iately begin to descend under the force of 
gravitation in the same arc ; and when it reaches 
the vertical position, it will have acquired a momen- 
tum which would tend to carry it forward in 91 hori- 
sontal direction; the tension of the string will, 
howevery cause it still to move in the circle of 
which the point of suspension is the centre, and it 
wUl, after passing the vertical line, rise through a 
similar arc on the opposite side, until its velocity 
is destroyed, which, if no other forces than gravi^ 
and its antagonist, cohesion, were to act, would be 
when it reached a height equal to that from whence 
it first fell : from this it will again descend, and, 
passing the vertical, rise to the first height ; and it 
would thus continue to oscillate for ever but for 
counteracting forces. The oscillations of an inva- 

wSi jiut shadow a board of two feet square, 2, at double the di^ 
tance ; of a board df .three feet square, 3, at three times the dis- 
tance ; or one of four feet square, 4, at four times the distance : 
that is to saj, the light which is concentrated upon the first board 
would be diffused over four times the space, if suffered to fell 
Qpon the second ; or over nine times the space, upon the third ; 
m sizteen times upon the fourth.^ The boards may be consid- 
eied (without any appreciable error} as similar segments of 
tl/bmm, of ths radii otthehr eevwal distaiicee. 
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riable pendulum, as Buch an apparatus is called, 
sensibly performed in equal times, or are uochr&* 
nous, even when the arc gradually diminishes from 
retarding forces. 

The length of a pendulum vibrating seconds in 
the latitude of New- York (40o 42' 43" N.), in vacuo^ 
at the level of the sea, has been accurately deter- 
mined to be 39.102 inches. 

The force of gravity, which, on account of the 
figure of the earUi, varies slightly in intensity from 
the poles to the equator^ may be determined for 
different places by the velocity of a standard pen- 
dulum, it being directly proportional to the squares 
of the number of vibrations in equal times : or as 
the lengths of pendulums are inversely proportion- 
ate to tne square of the number of their vibrations 
in equal times, the force of gravity may be deter- 
mined for any place by measuring the length of the 
pendulum which beats seconds at that place. 

\ 29. Momentum may be accumulated to an enor- 
mous degree in very large masses thus suspended, 
by forces which, at their first application, appear to 
be totally inadequate to move them. By making 
repeated impulses coincide in time and direction 
with the first minute oscillations, the arc will gradu- 
ally increase until a great degree of velocity is pro- 
duced ; and the force which is thus stored up is ca- 
pable of producing a corresponding concentrated 
effect. 

^ 30. According to the first law of gravity, the 
force with which the earth acts upon any body at 
its surface is in direct proportion to the quantity 
of matter which it contains ; hence the measure of 
the force becomes the criterion of quantity, and the 
weight of a body is the exact amount of force, ex- 
pressed with relation to some known standard, 
which is just sufficient to prevent that body fallmg 
to the ground. The commonest mode of ascertain- 
ing this is to oppose the known effect of the gravi- 
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ty of certain pieces of metal which have been com- 
pared with some conventional standard with the 
greatest possible exactness, to the unknown grayi- 
^ of the substance whose weight or quantity of 
matter has to be determined. A pound is a mass 
of matter which has been thus adjusted; and the 
common business of life has rendered most men fa- 
miliar with the multiples and sub-multiples of this 
weight, and the denominations of tuns, hundred 
weights, ounces, grains, &c., which have been con- 
ferred on them. The standard liquid measure of 
the State of New- York is the gallon, and the weight 
of pure water which it contains is 8 lbs. The 
standard of dry measure is also called the gallon, 
and contains 10 lbs. of pure water ; the bushel, in 
consequence, holds 80 lbs. The method of com- 
parison, by means of the balance, is also well 
known. 

^31. The balance consists essentially of a oni- 
form inflexible lever, delicately supported at its 
centre of gravity on a fine knife edge, and carry- 
ing scalepans freely suspended from points in the 
same horizontal line with the centre of gravity. If 
the weights or quantities of matter in each be equal, 
the one wiU counterbalance the other, and the beam 
will remain horizontal ; if not, the heavier will pre- 
ponderate. Lightness of construction and freedom 
of motion are secured by many ingenious contri- 
vances, upon which it would be foreign to our pres- 
ent purpose to dwell. A good balance will indi- 
cate by its turn l-6000th or l-6000th of the weight 
which it is designed to carry, and will freely move 
with the difference of 1- 1000th of a grain. 

( 32. Equality in the length of the arms of the 
lever is, of course, the most important considera- 
tion in the construction of the balance ; but when 
there may be any reason to doubt this essential 
point, it IS well to know that any error may be 
avoided by the method of dauNe weighing. This 
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consists iapteckig fbe object whoee weu^t is to ta 
ascertainea in one scalepan, and exactly coiiiit«tir, 
balancing it ip the other, not with the weights, HM 
with sand or shot, or any other indifferent sobstanifiBi. 
The substance is then removed, and the wei|^ 
applied in the same pan, till the eocmterpoise p 
balanced. By this contrivance the unknown qosA* 
tity of matter is compared with the known, nndei^ 
exactly eoiial drcamstances, and the result is in^ 
pendent or almost every source of error which cait 
affect the comparison of one object with ano'ther. 

^ 33. The second law of gravity has little to do 
with the determination pf wei^^t, and for this par-, 
pose may safely be disregarded ; ibr ai^ variaCigai.' 
of the oistance from the centre of the earth, ^ 
which we may jcany on our operations, is so snia)L 
with regard. to the whole, as to be perfectly insignijF 
leant, uthougfa not inappreciable to the refinemei|t[| 
of modem science. The mean radius of the eartbt 
or the distance from the centre to the sur&ce, i|^ 
about 3941 miles ; and supposing that we had W 
determine the weight of an object on the summit 
of a mountain one mile in height, the force of grav- 
ity would be decreased in the ratio 3949^: SiV\, 
which would make a difference of about one ouiiOi| 
in a tun weight JfuB difference would not, qf^ 
course, be a|;q>arent in the usual manner of weiglii4|L 
by means ofthe balance ; for the decrease of graim| 
would affect both the- weight uid the object to bo! 
weighed in the same degree ; but it might be measr^ 
ured b^ the opposition of another force, as that oC* 
elasticity. A spring which would be bent to a ceiw 
tain degree by a tun weight at the surface of tbo'. 
earth, would require a tun weight and one ounoe t6 
bend it to the same amount on the summit of thor 
mountain. 

^ 34. Ever]^ substance in nature, occup3ring %. 
given space, is found to have, under the same ci|i->^ 
cumstancee, a weight sp€e^ or peculiar to itseU; 
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or, in other words, the same volume of different 
kinds of matter contains different quantities of mat- 
ter. The comparative weights of equal bulks of 
different bodies are called specific gravities. This 
is a very important distinctive property of matter, 
and one to which the chyniist has perpetual occa- 
sion to refer. In comparing specific gravities it has 
been found convenient to refer them to a fixed 
standard, and water has been generally adopted for 
this purpose, as being easily procurable in most 
times and places. 

!^ 35. The mode of taking the specific gravity of 
iquid is very simple and easy of execution. A 
smsui stoppered flask is prepared to contain exactly 
1000 grains of pure water ; this is filled with the 
liquid, and placed upon the balance ; in the opposite 
pan is placed the counterpoise of the bottle when 
filled with water, and, when heavier than water, so 
much weight as will adjust the beam. If the liquid 
be lighter than water, the weight must be placed in 
the same pan with the bottle. 

In the first case, the weight in grains added to 
1000, and in the second case deducted from 1000, 
will give the specific gravity sought. Thus the 
same bottle which held 1000 grains of water was 
found to contain only 839 grains of spirits of wine ; 
and, taking water as 1, the specific gravity of the 
spirit is said to be 0.839. 

5 36. It would be impossible thus directly to oom- 
• pare a given volume of any solid body with an equal 
volume of water ; were there no other obstacle, it 
would require a nicety of measuration and work- 
manship which would be quite unattainable. But 
the same end may be obtained with perfect accuracy 
by means which are easily applied. The rule is to 
weigh the solid in air and afterward in water, and, 
having found the deficiency of the latter weight, to 
divide it by the former, ana the quotient will be the 
required specific gravity. Now there is nothing 

D2 
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more injurioos to the progress of a student ii) any 
science than the acquirement of such rules by 
rote, without a thorough comprehension of the 
principles upon which they are founded ; they may 
thus be rendered available for mere practical pur- 

Eoses, but they are utterly useless as steps in 
is advancement. For instance, how many thou- 
sand persons are there who can (to make use of 
a common expression) work the rule of three, 
without in the least understanding the doctrine 
of proportion upon which it is founded? Witb 
less trouble than it takes them to learn and recover 
the rule, which they are in constant danger of for- 
getting, they might attain to a knowledge of its 
principles, which would not only be of general appli- 
cation, but a help to farther improvement. A little 
consideration will be sufficient to render the princi- 
ples of the above process perfectly clear. When a 
solid is wholly immersed in water, it obviously 
displaces a bulk of that liquid exactly equal to its 
own, which bulk was supported in its place by a 
pressure from the surrounding particles equivalent 
to its own gravity : this may be easily proved by the 
familiar illustration of a bucket in a well. When 
the full bucket is wholly immersed in the water, it 
requires scarcely any effort to draw it to the sur- 
face ; but the moment it rises above the water, the 
weight of the water is felt, being no longer support- 
ed by the surrounding liquid. In the process, there- 
fore, of taking specific gravities, the solid immersed 
must also be supported by the surrounding water 
with a force exactly equal to the weight of the 
water which it has displaced, and thus the differ- 
ence of its weight in water from that of its weight 
in air must be the weight of an equal bulk of wa- 
ter. The direct comparison of the substance with 
water having been thus effected, a number bearing 
the same ratio to unity is easily found by the rule 
of proportion, and this will be the specific gravity. 



'^ 
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An «xaiiiple may, perhaps, render this more clear. 
A lump of glass is found to weigh in air 577 grains ; 
it is delicately suspended by a horsehair from the 
bottom of the scalepan, and immersed in a vessel 
of pure water, it is found to weigh 309.4 grains ; the 
loss, therefore, or the weight of an equal bulk of 
water, is 177.0 grains; then 177.6: 1 : : 577 : 3.3; 
the working of which sum resolves itself into the 
division of the third term by the first, or of the 
weight in air by the weight in water, according to 
the rule. The quotient 3.2 being the specific grav- 
ity of the glass. 

Solid bodies lighter than water, such as cork, may 
be weighed by attaching to them a mass of metal 
or glass previously balanced in water for that pur- 
pose, which may cause them to sink, and then pro- 
ceeding with the combined mass as before. 

^ 37. The same principles may be applied to as- 
eertain the specific gravity of liquids instead of the 
specific-gravity bottle ; for as a bulb of glass im- 
mersed in water is buoyed up by a force equivalent 
to the weight of an equal bulk of water, so, when 
immersed in any other liquid, it will be supported 
by a pressure equal to the weight of a similar bulk 
of that liquid. Thus the mass of glass which lost 
177.6 grains by immersion in water, was found to 
lose only 149 grains by being plunged into the spir- 
its of wine, and their two amounts are consequently 
the weights of equal bulks of water and spirit; 
Uierefore 177.6 : 1 : : 149 : 0.839, the specific grav- 
ity of the spirit. 

^ 38. It is upon the same principle that the spe- 
cific gravities of liquids, which do not differ much 
firom oi^e another, may be determined by the hy- 
drometer. This instrument consists of a hollow ball 
of glass or metal, with a weight below it and a 
Blender stem above, divided into a certain number 
of degrees by marks ; in pure water it is adjusted 
to fk>at to a particular mark ; that part of the stem 
which is out of the liquid acts as a weigjatA Vl^«^ 
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r But the fime trith which a bodjr » aftCraeted t6r 
%e earth, and* conaequently, the quantity of matter 
vbioh it Gonti^iia, may be maaaured byoppotiiig to 
m other forcaa than thit ofgravity. we can eYen 
looghly judge of different weights hy the dilferent 
de^^eea of moBcular exertion necessary to support 
Uiem ; and we have already had occaaidn to refer to 
1^ method of estimating them by the compression of 
% spring. This obsenration will naturally lead ua 
to the consideration of our nesct force ; namely, 

Elasticity. 

^ 40. The immediate resistance of a body to com- 
preasioB: pr .extension, is properly called its ehistid- 
ty, K baa been exemphfied by the senaibla effort 
of a compressed spiipg and a bent bow to recover 
from thear forced state of flexure. It is directly 
proportionate in perfectly elastic bodies to the com- 
pveasing force ; and this is. the law of its action. If 
ft: bow 1m drawn to a certain extent by a'.aeTeor 

eonda weight, it will be drawn to double that extent 
fourteen ponnda; and upon this princqdidvaiious 
■pnpf-balances have been contrived. 

"Aie kind of elasticity to which we have hitherto 
referred arises from a force longitudinally spptied, 
and apantsl displacement of the particles of a solid 
in length, uid is denominated Jlemcrr.* a second kind 
ooasiata in the lateral displacement of the opposite 
porta of a solid, in opposite directions, the central 
paita only remaining m their natural staie» and ia 
called iorsiam or twisting. Elasticity, thua elicited, 
may bo- very accurately measured hv the angular 
diaplaisement ; tiie angle of torsion being exactly 
proportionate to the degree of elasticity. Balances 
of tke iHE^teat delicacy have been conatructcdopon 
thia principle for the eatimation of minute degreea 
of force* 

',Bat aolid bodiea are only more or leaa elastic 
wMdn certain. fimits; the operation of foroaa be- 
yond thMe limits first produces a permanent aliatar 
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tion or chanffe of ignre, wldch is called jcMy, 
and sitBirwmi Jrm:iure. The most perfect ena^ 
pies of elasticity are afforded by aeiiform bodies^ 
and the atmosphere which surrounds us furnishes A 
beautiftd illustration of the equilibrium of this IbMe 
and graTity, a correct understanding of which Is of 
the greatest importance. 

^ 41. 'l¥ith regard to matter in the aeriform stated' 
common experience is by no means suffidentta* 
with solids and liquids, to teach us how to colleotk 
confine, or weigh it ; and it was not, till the time of 
Galileo (or early in the seventeenth century), pio- 
yed that the air had a definite weiflht and presauni t 
and it was some time after this mat Ihr. PrieaUey 
contrived the simple means which are still in use 
for experimenting with such fluids. Aristotle, i^' 
deed, appears to have happUy guessed the troUt? 
and Plutarch informs us that ne assigned the gsa^' 
ity of air to be between that of fire and earth ; bofi 
the surmise appears to have led to no particular oon^ 
sequences, and to have been forgotten. 

$ 43. If we take a bell-fflass, and press it with its 
mouth downward into a deep vessel of water, we 
find a atrong resistance to its descent, which arises 
from the body of air confined beneath it ; as we 
press upon it more and more, we feel a stronger ud 
stronger opposition or repulsive force; the water 
rises farther Into the interipr, and the air occupiea' 
a less si»ce; as we withdraw the pressure, it're«' 
turns to its former bulk, and totally displaces that 
water. Hence we may learn that the air is elastie, 
like the apring to which we have just referred;: 
and we can roughly estimate by our feeling that its* 
elasticity increases in proportion to the force with' 
which it is compressed, we learn, likewise, tr6m 
the same simple experiment, that the volume de- 
creases with the increase of pressure. The law of 
its elasticity was originally developed by Boyle ; but 
Mariotte more accurately determineo, by ej^mri* 
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nent, that the volume of air was always inverselv 
IS the pressure. (3) Elastic fluids of this nature al- 
ways occupy the whole of any vessel in which they 
oaay be contained, whatever their quantity of mat- 
ter may be, as determined by their weight ; liquids 
)r fluids devoid of this power of elasticity, in ves- 
sels which they do not fill, always present a level 
surface, t. e., a surface parallel to the general sur- 
face of the globe. This is determined by gravity, 
the law of which they are free to obey, unopposed 
t>y any counteracting force ; the surface of an elas- 
tic fluid is always coincident with that of the con- 
taining vessel in which it is confined. 

^43. If we take a strong tube or barrel of metal 
or glass, close at one end, and closely fitted at the 
other with a piston or moveable plug of leather, 
which will not allow of the passage of air at its 
sides, on pressing it downward we shall find the 
same kiikl of increasing resistance from the inclu- 
ded air, as in the case of the bell-glass 
under water. This elastic force may be 
made to perform mechanical work; and 
if the piston be perforated, and the per- 



(3) This figure represents the form of Mariotte's 
erperiment. a b is a glass tube, turned up, and 
closed at the end, c ; it is divided and graduated 
into equal parts ; mercury is poured into it, so as 
to occupy the lower part of toe tube to the first 
horizontal line, and a portion of air is enclosed 
at c of the ordinary elasticity, which it will be 
hereafter seen is equal to the pressure of about 
thirty inches of mercury. If more mercury be now 
poured into the longer leg, so that it may stand at 
thirty inches above the level of the mercury in the 
shorter leg, it will press with its whole weight 
upon the included air, which will then be found to 
occupy only half its former space. If, in hke 
manner, the column of mercury be increased to 
twice this length, the pressure upon the included 
air will be tripled, ana tiie space occupied by it 
will be reduced to one third, Sac, 
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foration be covered with a yalye, or little door^ 
opening upward, as we press it down the elasticity 
will raise the valve and allow it to escape, and the 
piston will freely descend. If we attempt again to 
draw the piston up, we shall feel a strong opposi- 
tion in the contrary direction. As the piston rises, 
an empty space is left between it and the bottom of 
the barrel; for the exterior air, in attempting to 
pass in, by its elastic force firmly closes the vuve. 
If by strong muscular force we succeed in drawing 
the piston up, upon discontinuing the effort it wifi 
be forced down again to the bottom by the exterior 
pressure. Let us suppose now the bottom of the 
barrel to be fitted with the same kind of valve as the 
piston ; as the latter ascends, the elasticity of the 
portion of air included in any vessel with which it 
may be connected will raise the valve, and the air 
will flow into the barrel : when the piston is again 
forced down, this valve will be closed by the force 
above it, and the included air will again pass off 
through the piston-valve, and we can repeat this 
operation, gradually withdrawing barrelful after bar- 
relful of air from any vessel till the residual air 
becomes so reduced as not to have elastic force 
enough to raise the valve. Two such barrels so 
fitted with pistons, with a mechanical apparatus for 
alternately raising and depressing them, constitute 
the essential parts of the airpump.(4) 

(4) a and b in the opposite figure represent the cylinders, in 
which the pistons, c and d, are accurately fitted ; at the hot- 
toms of the cylinder are the valves A, A, opening upward ; and 
in each piston is a valve g.g^ also opening upward ; the bottoms 
of the cylinder are connected by a tube, e, with the pump-plate, 
upon which stands the bell>glas8 /; in the cylinder a« the pis- 
ton is represented in the act of ascending, when the valve g 
is closed, and a vacuum would, be formed beneath the piston 
but for the opening of the valve A, by the elasticity of the air in 
the receiver. In the cylinder 6, the piston is in the act of de- 
scending when the valve h is closed, and the valve g open, by 
which all the air in the cylinder is forced oat ; and in this man- 
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PWwilb I Mopeock, we mmy, 1^ theae mcim', 
WBiM h of the greatsBt part of ih« air which 
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gai opaaiiiy the atopcock, ajr will nieh into the 
WjKy wtl, and it wiU preponderait! ; and it will 
^^m ■ conaiderable weight in the apposite at-ale 
■ iwtn ihe eqailibrnim. To aacertain the exact 
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weight of any given TOlnme of ur, it will be oecec- 
sary to measuie it, and this we cannot do by mea^ 
uring the capacity of the globe, for the beat air- 

Eamp will alwaya have a residual qnantity after ex- 
austioa; but by connecting the exhaneted tssmI 
with an accurately graduated jar,(6) standing upon 
the water-bath, the air may be able to enter from 
the latter, and the rise of the water into the jar will 
indicate the exact quantity which has been thus ab- 
stracted. By careful experiments, conducted npOD 
this principle, it has been found that 100 cubic inch- 
es of atruospheric air, under standard circumatai> 
ces, to which we must hereafter advert more par- 
ticularly, weigh 31 grains, or 81S times leas than an 
equal bulk of water. We shall Gnd that there an 
- — s,^ many different kinds of aeriform matter, 
f ^differing very greatly in their specific grar- 
I ft "J ities ; this is the mode by which they may 
^■•■mr^ be ascertained, and atmospheric air ia tH 
M standard to which they are all referred, 
SO just ns the speciGc gravities of solids and 
liquids are compared with water. 

Ill the following table are inclnded the 
weight of 100 cubic inches of the lightest 
and heaviest known forms of matter : of 
tlie Eame quantity of atmospheric air; and 
or water in its tlu'ee physical states. The 
specific gravity of each, compared with air 
and water, is also shown. 

(5) * raprennta the aii-ju-, gnulDsted into cobk 
inchet and ftta of i cubic iocb ; b Ihs glan bid- 
looti i Mch a fitted nith a itopcock and consctinf- 
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Tablv I. — Of Specific OravUies, 



JDMc 



I 



Hydrogen 

Air 

Steam 

Ice 

Water 

Platinum 



100 

100 

100 

10Q» 

100 

100 



Wmgbtk 



Oimhw. 

2.138 

31.000 

19.220 

23735.000 

25250.090 

542875.000 



Spedflc Onvily, 
Air !• 



0.0694 

1.0000 

0.6240 

765.0000 

814.0000 

17512.0000 



Watarl. 



0.0000846 
0.0012277 
0.0007611 
0.9400000 
1.0000000 
21.5000000 



J 



^ 45. The weight or pressure of the atmosphere 
was first, however, demonstrated in a different way 
by a celebrated Italian philosopher, named Tom- 
celli, in the year 1643. His attention was drawn to 
the subject by the attempt of a well-digger« at Flor- 
ence, to raise water by a sucking-pamp to a height 
exceeding 33 feet. The rise of water in a tube by 
these means had, up to that time, been ascribed by 
philosophers (who, as it is to be feared sometimes 
now happens, disguised their ignorance nnder the 
cloak of indefinite and specious expressions) to Na- 
ture's abhorrence of a vacuum. The 
well-digger failed in his enterprise, 
and applied to Torricelli for advice; 
who, seeing the absurdity of the 
conclusion that nature only abhor- 
red a vacuum to the extent of 33 
feet, suspected that the cause of the 
ascent of water in the pump-pipe 
might be the pressure of the atmo- 
sphere ; and tiiat a column of water 
about the height mentioned was 
sufficient to equipoise the air. (6) 

(6) The annexed fignre repretenta the 
conitmction of the common sncldnf[-pamp ; 
A B is the barrel fitted with a piston, m 
which is a yalve at a, openinff upward; 
another valTe b, at the bottom of the barrel, 
also opening upward, closes the commani- 
catioQ with the iripe, b d, which djeic«ai% 
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He concluded [hat,if this were Ihe caso^ 

support a shorter column of any den* 
he iramediately had recourse to expert 
firm his conjecture. He filled a glam 
feet long, and closed at one end, witti 
and inTerledit in a basin of the same An 
diatety sank about six inches from t^ 
tube; proving that the pressure or the 
irhich could support a column of watei 
feet in height, could only support a col< 
cury of 30 inches, the height of the co 
in exact proportion to the specific gra 
two liquids, or as 13 1-2 to 1.(7} 

^ 46. Thus was invented that usefid 
the barometer; for a tube filled with < 
lions wholly to exclude the air. and ad 
justed to a scale for the purpose of m 
exact height of the column from the n 
mercury in the cistern, consliiiites tj 
part of this simple but highly ingeni 

below tha leietof the water, H it. As theplBtoi: 
lacuiim id fotmed beneath it, U 

upon the water k n. tones it: 
the pipe trnm n to c. The dm 
ton dosea the valve s, forces on 
tion of Iha air through the *al™ 

''le Talve e again opon*, 

paetit into thetnrrel. 
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with riiercury and closed i 
Ben carflfuilyinvarted henei 
D c, of the uiercurj in the glnn 
Upon rBmoTaloflhe flnserftom 
' '" in thetube fnm H U 
,. < 0, being Ihe eia 
the elBiiicity of the itouMphen 
the eiperiinent 
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Tance.fS) In conflnnation of the principles npon 
which it had been constructed, Jt was soon observ- 
ed that, upon ascending a hill, the quicksilver fell in 
the tube, obviously because the column of air was 
shortened which, supported it. This obserration 
was, not long afterv applied to the measurement of 
heiehts. 

The gnvity and elasticity of the atmosphere re- 
act npoQ one another in such a way that the space 
which the same absolute weight of air occupies at 
different heights must be the measure of both. If 
we snppose it divided into strata of equal thickness 
from the top, the first stratum will press downward 
by the whole of its own weight, but by nothing more; 
the second will press downward by its own weight, 
and will be compressed by the weight of the first ia 
addition ; a third will have to support its own weight 
:?,and the weight of tna two preceding; 
a fourth will be compressed by three, 
J and so on, each stratum being com- 
I pressed by the whole thickness of the 
I one above it. Thus the pressure at 
I different heights will be inversely as 
I the squares of the distances from the 
I surface of the earth, and will be measur- 
I ed by corresponding diminished heights 
I of the column of mercury in the harom- 



I Hbich tbefluclDBtioiuoftfaeheight of the □ 
I curial column, w n, ate mdicat^ by Che index 
I Dpon the dial-plBte b l, in the commoQ wheel- 

I bsromelGT ; a glaH weight i, attached Co S 
i thread psMing round a pulley, to which the in- 

II iei k fixed si a, and nearly counCerpoiaed at a, 
ia allowed juat to rest upon the ■urface of Cbs 
mercurr in the open aiphon end of the tube at i ; 
it coneequcntly naes and falla aa the colnmn b ■ 

I becomea longer and ahotter, and (he motion of 
W Che thread tunia the pollsy ajid mores the indax 
-' lah the aic of a Eiadnated circla. 
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eter. Thus, 8U|q;x>sing the length of the equiponder- 
ant column at any given time to be 30 inches at 
the level of the sea, at the height of 

5000 feet it would be . . . 24.797 inches. 

10,000 " " . . • . 20.409 «* 

15,000 " «* ... 16.941 " 

20,000 *' " . . . . 14.000 " 

^ 47. The mean height of the barometer at' the 
level of the sea is very nearly 30 inches, but a very 
little observation will prove that it is subject to per- 
petual oscillations witiiin the limits, in this countir, 
of about two inches and a half; these are depenOr 
ant upon agencies which we will endeavour to de* 
velop at a more advanced period of our inquiry. 
We may at once, however, remark, that the exist* 
ing pressure of the atmosphere regulates the elas- 
ticity of every portion of aeriform matter enclosed 
in jars or bell-glasses inverted over water, or any 
other liquid. If such a glass be carefully turned 
down upon the water-bath, so that the water may 
stand at the same level both inside and out, it is 
clear that it will enclose a portion of the atmosphere 
of the existing elasticity: supposing the glass to 
have been filled with water, and afterward wifli 
any elastic fluid, thrown up into it by that kind of 
upward decantation by which air, from its compar- 
ative levity, may be made to displace the heavier 
fluid, its elasticity must be governed by the same 
exterior pressure. It is necessary, therefore, to 
take the amount of this variable pressure into con- 
sideration, in taking the weight of any air by the 
process previously described (^ 44), and to assume 
some fixed pressure to which they may all be re- 
ferred in taking their specific gravities. This stand- 
ard pressure is 30 inches of mercury, and nothing 
can be more simple than the calculations by which 
observations made under any other pressure may 
be reduced to this standard : the law beinff kept in 
mind, that the weight is always directly, and the vol- 
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nine inversely, proportionate to the preBsore. Sup- 
pose, for instance, that, with the biaLrometer at 29 
inches, we had found the weight of 100 cubic inches 
of air to be 29.9 grains, and wished to know what 
the weight would be at standard pressure ; by the 
rule of proportion we shall find 29 : 30 : : 29.9 : 
31.0. Or, suppose that we had measured 100 cubic 
inches of air at 29 inches, and wanted to know 
what the volume would be at 30 inches, we shall 
have 30 : 29 : : 100 : 96.6.(9) 

^ 48. The atmosphere presses upon the surface 
of the earth, and upon the surfaces of all bodies 
which are plunged into it, with the same force as 
that by which it supports the mercury in the bar- 
rometer ; and a column of mercury 30 inches in 
height, whose base is one square inch, would weigh 
about 15 lbs., and would press upon the earth with 
tiie same force; every body, therefore, upon the 
surface of the earth, at the level of the sea, sup- 
ports an average pressure of 15 lbs. upon every 
square inch of its surface. That we are not sensi- 

(9) The rarefiiction of the air in any vessel connected with 
the airpump may be measured by gauges acting upon the prin- 
ciple m the barometer. In figure 4 (page 49)) k represents a 
barometer-tube, opening under the receiver/, and dipping at its 
lower end into an open cistern of mercury. As the air under 
the receiver becomes rarefied, the superior elasticity of the at- 
mosphere raises up a column of mercury, which, upon the sup- 
position of the total abstraction of air, would stand at the same 
oeight as the barometer. The difltoence between the two, 
measured upon a scale of inches, indicates the elasticity of the 
residual air. The siphon-gauge at t does not begin to act till 
the rare&ction has been carried on to a very great extent. The 
vpdhr part of the siphon is filled with mercury by boiling^, which 
is Kept in its place by the pressure of the air : when this is di- 
minished to such a degree as not to be able to support a colunm 
of mercury equal in height to the upright part of the tube, it 
begins to &11 awav from the top, ana to rise in the parallel leg 
of the siphon, and, as the equality of these two columns would 
denote a perfect vacuum above each, the elasticity of the air in 
the receiver, with which the instrament is connected, is mess- 
iind bgr thfiir diffinreofie. 
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ble of this pressnre on our own persons and on aS 
surrounding objects, is owing to its equality in al 
directions. From the fluidity of the atmosphere, 
the perfect mobility of its particles, any force if 
equally distributed throughout its mass, and iti 
gravity not only presses downward, but upward an^ 
laterally, and in every direction alike. If we destroy 
this equilibrium, as we may easily do by the air- 
pump, the pressure becomes immediately manifest ; 
almost the first stroke of the pump fixes the le 
ceiver to the plate, and after the air has been ex* 
hausted to the utmost we may raise the weight of 
tiie pump itself without detaching it. It is for the 
purpose of enabling them to bear this enormoni 
pressure that such glasses are made of a spherical 
form. If a glass of a cubic shape be exhausted, il 
is speedily crushed to atoms ; or if a bottle of a 
similar shape be hermetically sealed when filled 
with air of the usual density, and enclosed under a 
receiver from which the air is pumped, the elasti- 
city of the included air no longer being counteract 
ed by the exterior air, it will burst outward witb 
equal violence. 

it is curious to remark how frequently commoi 
experience has anticipated science in the applica- 
tion, if not in the formal announcement, of scien- 
tific principles. A beautiful illustration of the ex- 
pansive power of heat and the pressure of the at- 
mosphere occurs in baking a fruit-pie. The cook 
inverts a cup in the dish, from which a portion ol 
the air is expelled by the heat of the oven ; when 
allowed to cool, the remainder contracts, and a par- 
tial vacuum being formed, the pressure of the at- 
mosphere forces the juice to rise in the cup, and 
thus prevents its coming in contact with the crust, 
by which it would be absorbed. 

$ 49. The surface of a man of ordinary stature 
is about 15 square feet, so that the atmospheri' 
pressure upon his body amounts to 14 tuns ; tnis li 
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rastains with perfect eoDraueDK. urn wi ev«n 
cavity of his body is digJtsnaot vitL wmiirm. •«■»•' 
ter of the same elastic forcfc. Ht saw unn^t ^atsnt. 
under this enormous Icac wiixiuu: uviu^ «iiur;ivi» 
of its existence, owin^ lo Vut <eqiifa.ici o: lu wum. 
could we suppose the sir to ceuM it prMr tL^uu 
ward direction, while its oowifwajt we^^u: •jmiui. 
ued, he would be bound to tut sum ol wuj'a um 
foot rested as effectualiy as tue rwiDbc uaiL. btniit. 
thing of this we may indeed feei fnm. tut laij^ift 
we endure in wailun^ vpaa a suf ciay. Il •u*.'i. ^ 
soil, the air is more or lea* jvesbec Iron, uuo^f tut 
feet; and just upon the muuc pmrsipA tm. um 
boy's nlaytiiing, called a euciwr. nubee tut mi;i|*tt 
of a Uffge stone, a stnm^ eflon a uowjewim 14 
overcome this unequal preaiure. 
^ Those who ascend into the bi^jhsr n^^fvut uf Um 
atmo^here by climbiBg hatj aunmams or vt wl. 
loons, often feel inoonrenieaoe m tu^tr ean fuic 
other caTities of their bodies fron tiM; uiciuoec a» 
not haTing time to a^uA tun^ u> tue ftiwiiiiMuK 
pressure of the outward mMhum : atic xi it fit/ wvl. 
der that persons of weak eonsutuitoist ofVi$L Iw. 
oonsiderable discomfort from etiooeL t:uai4rM uf ti««, 
weather, when baromethe oecaiiauoi» may jtiOjuci^ 
a change of pressure upon tia«ir xjodiet oi H w :^ 
hundred weight in the eonrse of ^ lev uouft. 

^ 60. The alternate action a<ic fetrtf-^oij v5 sm. 
chanical force and elasticity, aii<j tijt «>of»Mjw>;ii'. 
propagation of force to a distsjuot ti>' vi^«iMm, act 
beautifully illustrated by the pii^uvuieufc <X ftM;ft4« 
The complete development <Mr t^i^ tuv^;t v,mmu 
tutes a distinct branch of sci^uc^, uaCef tim> uaiiA 
otAcousHes: we can only hejr«^ a/dv^rt V^ Xk^ y-jg.y 
of the forces which are cuauftut^ m lu wvciu<. 
tion. 

When the rarticles of an ehutic- U>4y a/^ mMi^u 
W disturbed by an impulse at a partjcuia/ yiHfjXf Um> 
force spreads throughout their ^rHanrs intm thai 
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Mini as a centra, and theyrelum to their Btate 
)f rest by a series of utehronotis vibrations or rapid 
DovemeDtB to and fro; equal nuinbera of wbidi 
ake place in equal tunea. The rapidity, force, ud 
wrmanence of theae Tibrattons depend upon ttn 
ilasticity, the form, and the mode of aggregsiioD^ 
he particles of the vibrating' body. They are not 
lonGned to the subsiaooe in which they are prodo- 
xd, but they commnniBate themselves to the sui- 
■ounding air, in which, on account of its elasticii;, 
hey excite equivalent condenHaiions aad dilataiioK 
vbich again are propagated to a distance. The cni- 
'esponding impulses produced upon the ear coiwd< 
.ute sound. If the Bucc«ssive impulses form a co» 
lected seiies, following o&ch other too rapidly to h 
leparately distinguiahed, they constitute a contini< 
)d sound like that of tfas voice in speaking ; and i 
hey are equal among tbemselves in duratioo, ths^ 
)roduce a musical or equable sound, as that o/a n 
brating siring, orof the voice iu singing, i 
quill sinking against a piece of wood canm 
^ a noiae, but strikins against Ihe teeth of I 
\\ ',< wheel or of acumb. a continued sound; tut 
" " if the teeth of the wheel be at equal dis- 
tances, and the velocity of the motion of 
a certain amount, and constant, a musicil 
note, (10) The lowest sound which cia 
be called musical is produced by 13 ril 
tiona in a second of time; though,, 
cording to the observations of Di, " 
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(10) iBreprewitlliBtwopfOngaor a (uiung. 
made of eteelj if one of thsm. >. be struck aeotr 

ticily il will immediatoiv retcini lo iti fonnar p 
befond wbich It will be curied bjr itt dukimd 
lbs position a, ibout ai far from m ths ««(» 
tion i, and tiiuaa aeheaofiibnitioiiiiibiou^ 
which, beiag prapa^ted thTough tbs air to d 
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ome ears are so constituted as to be able to 
ite notes at both extremities of the scale 
re inaudible to others. The higher octave 
ound is produced by double the number of 
IS, and tne double octave by four times vthe 
in the same time, and so on in the progres- 
32, 64, 138, 256 ; the last of which produces 

which is designated as the middle C on the 
rte. The fixedness of these relations is 
t the well-known sound of the diflferent mu- 
;es has been employed by Professor Wheat- 
i the measure of velocities in machines 
jre utterly inappreciable by ordinary me- 

means. 

^ain time is always required for the trans- 
of an impulse through a material substance, 
time varies with its hardness and compres- 

The velocity of sound in air has oeen 
f experiment to be 1130 feet in a second; 
', 4900 feet ; and along a deal rod, 17,400 

A.S the force from the original impulse di- 
1 air, and spreads through a spherical space, 
sity must decrease as the square of the dis- 
it it is capable of being turned back or re- 
-om the surface of any solid obstacle. 
i musical string gives a very feeble sound 
>rating alone, on account of the small quan* 
ir set in motion ; but when attached to a 
face of wood, or to what is called a sound- 
1 in musicsd instruments, it communicates 
itions immediately to that surface, and the 
stem vibrates isochronously. The exten- 
ating surface again transmits its motion to 
>un£n| mass of the air, and the sound is 
creased. 

The oscillations of a solid body are not con* 
ne direction, but maybe longitudinal, trans- 
rotatory, in every plane, or confined to one 
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the dJrP'-iona of its Tibrations. If a little 
sand b' trewed over a. TJbrating BurfaDe ii 
throw" [0 violent agitation by the force cc 
cated in particular situationa, bat in oth- 
tions i .11 remain at rest, and it will thm 
the ey< distinguish the vibrating from th 
cent pa' . Thus, if vibrations be excited ir 
of glast • metal, bv drnwing a bow across i 
it-iqi" land, and the sand 

|ijijj| III' in certain lines f 

WHH accumulate from oth 

il ^ ^ i — •* is thus found thai 

JkiffSd "face are in differer 

of vibi II, g always elevatei 

others rboseu . , id the oppositely v 

parts aio oci,<iraled by unes of rest. The; 
of rest are termed nodal linen, ani they vary 
end position with the part where the bow i 
across ; but the point by which the plate is ) 
ing necessarily in a state of rest, must be 4 
in a nodal line. (11) Similar points of rest, ( 
points, are found on a vibrating string ; and 
of paper placed at the half, third, fourth, t 
aliquot points of its length, will remain on l 
its vibration, but will ■"ilantlyfly off from 
tennediate points. T f are points of equi 

If H Plata Bf 5laa>, a, I 
DriiDiitiilly St lis centr 
■he linger and thamb.in 
ed over its upper luTfi 
g It Id (oiit B muaical 

nd vritl arrange itself in Tines 
ig regular fignres, the fnnn v 
ill depend upon the pitch of 
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between two adjacent oppositely yibrating parts. 
Indeed, all vibrating bodies have a tendency to di* 
Tide themselves into a certain number of parts, 
which perform these vibrations independently of 
each other. 

^ 54. The amount of force which may be accumu- 
lated from the frequent and regular repetition of mi- 
nute impulses to the particles of elastic solids is 
very great, just as momentum may be accumulated 
in a pendulum by frequent small impulses (^ 29) ; and 
the cohesion of glass itself has been known to yield 
under the intense vibrations of a musical note. If 
we pass our moistened fingers lightly along a glass 
tube two or three yards in length, and from three 
fourths of an inch to an inch in diameter, we may 
generate a force which wiU be sufficient to move a 
leaden ball placed within it, and even to draw it up 
uainst the action of gravity, when the tube is in- 
wned several degrees to the horizon. Or if we fix 
a small glass tube into a beam of wood, and cause 
it to vibrate longitudinally, in the same way, the 
successive and periodic impulses will be sufficient to 
agitate the beam throughout its mass, and to pro- 
duce vibrations of such an extent, that whole hand- 
fills of sand thrown upon it will be projected upon 
Uie lines of rest, which will thus be accurately de- 
fined. 

( 56. These vibrations alter the molecular ar- 
rangement and strength of bodies while they last, 
80 that if a weight of 90 pounds be suspended from 
a copper band of three yards in length, 0.4 inch 
wide and 0.04 thick, it will remain unchanged for 
any length of time ; but, if made to vibrate, it will 
become lengthened six or seven inches. M. Savart 
has lately measured the lengthening of rods of glass 
and brass by the act of vibration, under the friction 
of a damp cloth, and ascertained the amount of me- 
chanical force which would be required to be di- 
neQj applied to produce the same effect, and foond 

F 
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it to be, ill the first case (the diameter of the cylinder 

being 1. 14 inches), equal to a weight of 9000 pounds: 
and in the second (the diamettT being i.SS inches), 
3800 pounds. The facts are of the utmost practicil 
consequenee with regard to stnictuies in metal 
which are destiDcd to support grea.t weights, acid 
are, at the same time, exposed to regular oscilla- 
tions and vibrations. 
We will now direct our atteuiion to the forceaof 

HoMOGEMKUDB AtT 

^56. The force ofcoHi 
by the amount of any foi 
to separate their particieo 
be ascertained by experini' 
may be applied in variout 
to tear the body asunder, in 
3. It may tend lo break the ■ 
tend to crush the body ; i. i 
the particles by means o' '"' 
investigalioii of the aire 
different degrees in whii 
force, so variously app^ 
ocience. The following im 
cohesion from experiment u 
csted by the weights requireo 
and to crush them. 
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The opposing foTC* 
jys. 1. It may tenl 
direction of its fibroi: 
dy across ; 3. It nrif 
may tend to sepsisK 
on or twisting. Tit 
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ilongs to mechaniol 

shows the force rf 
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140,000 IbB. 


lo.Doa IbL 




19,000 IhB. . 


T3l81h«. 




33,000 lbs. . 


6440 lb>. 




17,000 Iba. . 


10,304 Vat. 




4700 Ibe- . 


906 Om. 




1800 lb*. . 


4B3M- 




5H00lb». . 


41 




10.40(1 lbs. . 




10,000 lbs- . 
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^ 67. The force of cohesion is opposed to me- 
chanical force in the case of the surfaces of two 
solids of the same substance moving upon each 
other, and is estimated by the resistance to the mo- 
tion, which is denominated yWctum. 

Friction is greatest between rough surfaces, and 
diminishes with the degree of polish given to them. 

All other circumstances being equal, it is directly 
proportioned to the pressure of the two bodies. 
Friction also arises from a similar opposition of the 
force of adhesion, in the case of the two surfaces in 
motion being of dissimilar matter ; but it is greater 
between homogeneous substances than between 
heterogeneous ones. 

^ ^ 58. The subject of friction, again, is purely 
mechanical; but we re-enter withm the strictest 
limits of our department in considering next those 
adjustments of the two antagonist powers of homo- 
geneous attraction and repulsion, which constitute 
the physical states of solid, liquid, and aeriform. 
The best, because most familiar, illustration of these 
three different states may be derived from our every- 
day observation of the changes which water under- 
goes. Every one knows that, by abstracting heat 
nrom water or cooling it to a certain point, we 
can convert it into a solid which we call ice ; we 
diminish the repulsive force, and the attractive 
gains the ascendency. The amount of this cohe- 
sion we can estimate by the mechanical force re- 
qoired to disintegrate it ; but pound it and commi- 
nute it as we will, we can never by these means 
totally overcome the attraction which constitutes 
its solidity ; we can never so far unloose its con* 
atitnent molecules as to give them freedom of mo- 
tion among each other. The application of warmth 
will, however, gently and quietly loosen the tie ; 
the ice will dissolve, and the liquid particles will 
yield in all directions to the slightest impulse. 
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^ 59. It is in consequence of the almost peiQ 
maiuier in which cohesion is suspended in Uqig 
that pressure is coinmuiiicated by them in alldiri^^ 
tions alike. Solid bodies gravitate in 
exert no lateral pressure ; but the particles of floids 
gravitate independently of each other, and prp»s 
against each other in every direction, not only down- 
ward, but upward and sideways. It is in com^ 
quence of this lateral pressure that naier flows fraiD 
ma opening in the side of a vessel in which it ii 
coniained ; and the lateral t saure is the result of 
the downward pressure of ti liquid above, and ex- 
actly equal to it: consequei i, the lower the 6tt 
fice is tnadc iu the vessel, • i greater will be the 
yelocity of the water running tut of it, and the fu- 
Qier it wiJl be projected from ^(19) It is the same 
{vessore acting upward wb ^h occasions w^tcr, i 

_ (12) IfDbem 
raler. a, tbe v 
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^ 61. Thst imperfect destruction of coheiloi, 
which is effected by mechanical force, ii curiooilr 
conCraaied with its perfect suspension by heat, by 
comparing this equal preaaure of liquids with that 
of sand or some other finely disintegrated solid. If 
we pour sand into one leg of an inverted aiphon, it 
will not mount in the other, and will even extend t 
very little way into the horisontal part. Wbatevsr 
pressure be given to its upper surface will exert 
no influence on the iaaue Mlow. A half-hnndnd 
weight placed upon it will produce no difference. 
The weight is not merely supported upon the bass 
of the column, as in the case of a solid, but by the 
aides of the containing tube. The lateral presanre, 
however, does not vary with the height, as in the 
caae of a liquid ; but sand will flow out of lateral 
apertures made in a box in which it is contained 
with equal velocity, whatever may be the height of 
the column wiihin.(I5) 

Single grains of sand, placed upon a flat surface, 
do not begin to roll until it is inclined between S(r 
and 40°, and this is the angle at which the preaaure 
is exerted when this motion is resisted. The angle 
formed by a heap of shot or pease is 30° ; and tlie 
weight of a pyramid, whose sides are inclined at 
this angle, ia alone supported by the base, whatever 
may be the height of the column confined above 
it. (18) 

thof becomes nolmtlj compiened. IV 
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A very simple mode of showing this effect is to 
tmke an open tin tube of any length, an inch in di- 
ameter, and to press a piece of thin paper, with the 
edgi^ moistened, against the end of it, letting it ad- 
here simply by such moisture ; then placing the tube 
upright, with that end upon a table, to ml it with 
Sand, and afterward gradually to raise it ; whatever 
the weight of the tube and its contents, it may be 
carried anywhere in that position, although the pa- 
per bottom adheres but very slightly. 

^ 8S. After the cohesion of ice has been suspend- 
ed, a farther accession of heat will convert tne li- 
<iuid water into a highly elastic aeriform fluid, which 
is commonly known by the name of steam. The 
repulsive force acquires the ascendency ; the con- 
atitttent particles tend to fly from one another, and 
are only restrained by the pressure of that surround- 
ing atmosphere which regulates the elasticity of all 
aeriform mattet which is not insulated from its ac- 
tion. The progress of this change of state is not 
so obvious and familiar as the preceding, but it is 

itee A By it will fonn at first the small cone 1 1, which will in- 
to 2 2, 3 3, &€., and, as it roUs down, will always main- 




tdn a conical surface whose inclination to the base is about 30**. 
The direction of the pressure of the sand in the box a s o d» fif . 
U, and its equality, is represented by the pyramids d «/ 
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easily illustrated by experiment If 
tube blown at one end into a bulb, i 
leatiiern piston fixed to a hollow n 
which is capable of being closed wi 
tause a little water to boil in it un 
steam will presently issue with sc 
the passage, in the rod, which i$ to 
the purpose of giving it vent. Up 
passage the elastic force of the st 
mulate till it forces the piston to 
tube. (17) This force may be insta; 
hv removing the bulb from the soui 
blovring upon the tube : the aeriforr 
sume the liquid state, and the pret 
upon the upper side of the piston ] 
counteracted by the elasticity of t 
under side, it will be forced down ti 
the tube. A fresh application of h 
the elastic force, it wiU again be fon 
repetition of the process this little m 
engine may be kept in action. Wh; 
liquefaction and vaporization take p 
gnidually; why a mass of ice doe 

melt, or any body of 
steam, upon reachir 
temperatures, will b 
we come to treat of i 
extraordinary agents 
these transformation 
^ 63. There is gres 
pose that all unorgani 
be susceptible of sin 
state ; that every soli 
the state of a liquid, 
form body; and that « 

(17) a represents the g 
bulb at its lower end; < 
which it is held ; e is the 
which passes through a c* 
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^008 body might be reduced to the liquid, and even 
iolid state. Our command over the forces of mu 
tare does not extend so far at present, but the phe- 
nomena which we will farther examine are so gen- 
eral as to justify the conclusion that they are uni- 
versal. 

^ 64. With regard to solids, we distinguish sever- 
al- properties as modified results of the force of co- 
hesion; namely, hardness, elasticity, brittleness, 
malleability, ductility, and compressibility. 

^ 66. The relative hardness of a body is deter- 
mined by its capability of scratching or being scratch- 
ed by other bodies. It has no relation whatever to 
density ; for lead, which may be easily scratched by 
the nail, has a specific gravity more than three 
times that of a diamond, the hardest substance in 
natttre ; neither is it connected with tenacity and 
brittleness, for^iron is easily scratched by glass. It 
is needless, however, to dwell upon a property 
which every one is in the habit of appreciating. 

\ 66. Elasticity is that property which we have 
ilieady exemplified by the flexure of a spring and 
tlMB torsion of a thread of glass ; in consequence of 
which, the particles of a solid yield to a certain ex- 
tent when force is applied to them, but immediate- 
ly fly back to their original position when the dis- 
tarbing power is witharawn. Elastic bodies vary 
much in the extent to which they yield without 
breaking, and in the degree of perfection with 
which, after the displacement of their particles, 
they return to their former state. A piece of ca- 
ootobouc, or Indian-rubber, is very elastic, but not 

Srfeetly so, for it becomes permanently elongated 
stretching. Glass, on the contrary, is perfectly 
istic, for it will retain no permanent bend : when 
drawn into a fine thread, it may be twisted roond 
apon its axis many times without breaking; and 
when set free, always returns to the point tarn 
which it set out. 
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i79. Certain diffbrences mar be observefl 
remunii^ cohesion of different liquids, 
we dJBtinguisb vuemu und limpid liquids. ] 

Viicidity it that qudity which rentiers the ^ 
geneous panicleB leas moveable amoDg one aiHl 
and is the direct opposite to limpidity. It is a^ 
iflcation of cohesion somewhat analogous tOd 
leability in solids. J 

It may be regarded as a kind of approach, % 
solid state, bat is distinguished from mere | 
sion ; for if two drops of a yiscoita fluid are bn 
into contact with one other, they run togetht^ 
much less velocity thau two drops of a moni 
feet Quid. ^ 

Oil and sirnp are specimens of viscous, tnea 
and spirits of wine, of limpid liquids. Some « 
like glass, become viscous by heat in their p^ 

colamn c^ campTanad water, whicli may easil]' be BeM 

enable it to^iear a higher pree.4Dte, Professor CErsled mfl 
the GompreMioaa of air to 6& atmospheres. For this pd 
miall iDdei, fixed \rj a hBirsprins, was placed in iluv 
gange, which, b«ng pretied forward br > column of am 
wai left at ^ ntrame point lo which the tiqaid was ■ 
and Ihns regiataied the pressure. The Bmouni of tblF 
pretuon was alio legiitereil by the simple appamlua H^ 
whichHanopofHeaaaleonlainingmomiry, m which is | 
a eIhh Tesael a > c d a, drawn out into a slender Xain 
and turned down, as shown in the figure. This vesjol in 
with air and placed in thareceirer, and, when preaaiiTe' 
pited, theeSect is to drive the mercurvup the lubes D, 
the fessel o b, compreseing the sir aboie it and lalli 
boltom of that lesseL The lolums of this metal, bai 
to thai which wu contained in the tube, will eqnal tl> 
bf which the ail waicanpreaaed daring th«ezp«iiaM 
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o complete liquidity, while others, like water, be« 
;ome perfectly limpid at once. 

^ 73. Aeriform fluids are commonly and conve- 
liently distinguished into two classes ; namely, va- 
\ours and gases. Steam will illustrate the first, and 
he air which surrounds us the second. We have 
leen that the slightest abstraction of heat propor- 
ionatety reduces the elasticity of steam, and con- 
lenses it into the liquid state. The slightest in- 
Tease of pressure beyond the force of its own 
ilasticity will produce the same effect, unless a 
imultaneous increase of heat enable it to sustaia 
t ; but the greatest reduction of heat which art can 
>xt>duce (and its command in this respect is con- 
siderable), and the greatest pressure which can be 
LppUed, have never yet succeeded in bringing the 
>articles of atmospheric air within the verge of co- 
lesive attraction. 

^ 74. Other erases, however, which but lately 
jvere considered to be as permanent as atmospheric 
lir, have yielded to the ingenious manipulation of 
[)r- Faraday. His method consists in generating 
lie gas in a confined space, when, from the nar- 
x>w compass into which it is obliged to pack itself, 
lie mutual compression of its own particles is so 
frB?X that they come within the limits of their self- 
Utractive force, and assume the liquid state. It is 
true that the elastic force increases as the com- 
pression; but the energy of the cohesive force, 
i^hen its limit is attained, in a much higher degree ; 
not in the inverse proportion, that is, to the dis- 
tances of the particles from one another, but as the 
squares or, probably, some higher power of the dis- 
tances. Different gases yield to different degrees 
of compression ; a pressure equivalent to two at- 
BDOspheres is sufficient to produce the liquefaction 
of some, while carbonic acid requires thirty-five at- 
mospheres, or a pressure of 525 lbs. upon the 
Huare inch of surface ; and although experiment 

6 
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bu )[et failed to produce the effect, Tair MiilaSf 
juBtities tlis hypothesis a( geologists, ihai atn^ 
Bpharic air may exist in the liquid stale in csvitiH 
of tbe Gompret^ed strata o( the globe. 

^ 75. The difference between s. vapour and a gft 
it maj be observed, is one of degree and noE it 
kind) for the aerirorni fluid, which In the compr^id 
tube floats above the liquefied ponion of iheM 
is strictly the vapour of the liquid portion, and I* 
inSuenced by precisely the same ci re um stances ■ 
Uie vapours of liquids, which exist as liqnida uadir 
atmospheric pressure alone. 

Ij 78. There are one or two other circumstaQM* 
Uteading the reaction of the aniagnnisi forcet 
of homogeneous attraction and repulsion whicb 
ought to arrest our attention. When a liqniil ii 
about to asBume the solid slate, if the heat bt 
very slowly withdrawn, and it pass very gnldl^ 
idly under the tiifluence of cohesion, the partidM 
do not rush tageilier into a confused ainnrfhev 
mass, but sometintes build themselves up into gw 
metrical solida of the greatest beauty and symtn^ 
try. This phenomenon la familiar to us in tiM 
freezing of water ; so familiar that it does not ex- 
cite half tl)e attention and admiration which it 
ought to inspire ; we see it in the ice which foriM 
Bpon our wmdows in the winter's night, in the hoB- 
frost upon the trees, and in the construclion d 
flakes of snow. The seemingly endless variety ri 
figures which these substances present is liinMil 
by certain laws, and the hnes which bound tbM 
form among themeelvee no angles but those of M'. 
800, and 120o. If we meit a mass of sulphur, ofOf 
the metal bismuth, in an earthen pot, and when i> 
has become slowly couled, so as just to become 
crusted over, pierce the crust and allow the Itqoid 

Cirtion to flow out, we shall find the cavitr < 
Iter itudded with beautiful cubic forma Walt. 
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most akilM carver could not riTai.fKi) anrf thai 
of the former wilt no leaa beautiful aix-MM'-. prwnw 
and needles. 

The forma are denominated cryitaU, Mid tn* P"^*" 
cesB IG c&lLed crytttdliiation. 

^ 77. The aGBumption of the soliii firm m ti^' 
attended with the eiertion of an unrj-.niffji.iVii* •■■^- 
paneive or repulsive force. proFin^ ^^vn '.r.« f-- 
roBiiy of solids, the particles of whicn '■..'.« jr^;'":- 
ces derived from common observation WuC. M/MtA 
MS to believe were in the cloMst eoa:;'x^. 

This phenomenon cannot t« b«-.:er «ftaii!.S«^ 
than in the passage of water into tc«. UJ'.f--''- '-■'■■> 
common experience of a hard v.r.'j-.r p.i.w>^ -'■* 
proof before us, in ihe bar^tin|; >,i i'^iw .-■■- •'''••'■'■ 
water 19 carelessly allowed to IsHfi*: b'j". ' *'- 
take a small piece ofa gunbarr^i. iv^.;*..-; ;. -W": 
at one extremity, and closely li'.vA v. '■'*■ '■ •'■'-■' 
with a screw, fill it with water Mtitf.u isiA '*f«. v. — 
ed to exclude the air, carefuLy '-..i/v: .'- t:/'. ;.(*•■-« 
it in a situation where it rtay f-^ea^ v. '-•■* '-'j> 

ment of solid ilicatiou the cuTi!:! » 'ji.rv. > ;~ t 

considerable report. 

The specific graviiyof ktt. '^.zz-r.-tsv. » .a "i- 
ter, ia 0.92. 

Iron likewise enlariRi vx i'-.ii t.; ■ -* rjva*^.'. 
of aolidificatioD, and b^^-;* v.* ^.- .v..a; *.-jyf .- 
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moment of congelation, of which mercury is an ex- 
ample. 

^ 78. Heterogeneous Adhesion. 

We come now to the contemplation of the action 
and reaction upon each other of particles of mat- 
ter of totally different kinds, of different essence 
and sensible properties: and the first force with 
which such piurticles have been endowed we may 
usefully distinguish from cohesion or homogeneous 
attraction (to which it is opposed), by the title of 
adhesion or heterogeneous attraction: we have al- 
ready exemplified it by the wetting of glass hy 
water. 

We trace it in matter in all its physical states ; 
t. e.,- whatever the antecedent adjustment of the 
forces of homogeneous attraction and repulsion 
may be ; but it exists in different degrees between 
different bodies, and, possibly, between some bod- 
ies does not exist at all. A pohshed blade of iron 
is capable of being wetted by water, not, however, 
in so perfect a manner as glass ; but to neither of 
these substances will mercury adhere. It would, 
nevertheless, be too hasty a conclusion to infer 
from this observation that there were no adhesive 
attraction between the particles of glass, or iron, 
and mercury ; the attractive force may exist, but 
in these instances the homogeneous attraction of 
the particles of the liquid may be superior to it, and 
prevent its efficiency. A perfectly clean surface of 
platinum is capable of being completely wetted by 
mercury, but the thin film of extraneous matters 
which commonly adheres to this metal in its ordi- 
nary state effectually prevents their mutual action. 
Guyton de Morveau measured the force with 
which different metals adhered to the surface of 
mercury, by suspending equal plates from one of 
the arms of a balance, and ascertaining at the other 
the weight which was in case required to separate 
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tbem. He employed fresh mercury in each experi- 
ment, and the following table exhibits his results : 

Table IV. — Adhesion of Mercury, 



Gn. 


Gn. 


Gold • . . .446 


Zinc • • . . 204 


SUver ... 429 


Copper ... 142 


Tin . . • . 418 


.Antimony ... 128 


Lead • . . 397 ^ron .... 1)5 


Bismuth ... 372 


Cobalt .... a 



^ 79. The action of cements, in permanently fix* 
ing the surfaces of solids together, is dependant 
upon this force. For this purpose some substance 
in a soft or liquid state is interposed, which is ca- 
pable itself of solidifjring and drawing the surfaces 
together by this species of attraction. In this way 
wood may be attached by gelatine or glue ; porce- 
lain by albumen, or white. of egg, and hme; and 
bricks by mortar ; so that the adhesion of the sur- 
faces of junction may offer even greater resistance 
to disruptive force than the cohesion of any other 
part. 

^ 80. The heterogeneous adhesion of solids to 
each other is also of the greatest practical impor- 
tance when it assumes the form of friction, that is, 
of superficial opposition to mechanical force, or the 
motion of two bodies in contact (^ 57). All other 
things being equal, friction is less between surfaces 
of dissimilar matter than between those of the same 
matter ; thus the resistance of iron, moving upon 
iron, is expressed in terms of the pressure by the 
fraction 1-3.5, while that of iron upon copper is only 
l-6th. The interposition of substances whose force 
of cohesion is small, such as plumbago or grease, 
ffreatly decreases friction ; thus the resistance of 
iron upon iron is diminished to 1-lOth by the appli- 
cation of tallow, and of iron upon copper to 1-1 1th. 
The complete investigation of this opposition of 
forces belongs to the science of mechanics; it 

G 2 
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wouldy howerer^ have been a defect in this prepay 
atory liew not to haye indicated an antagomsm ef , 
forces on which we are dependant in almost ereiy 
action of our lives. It is friction which prevents 
our feet slipping back every time we attempt to ad- 
vance a step, and those who have attenq[>ted to 
walk upon polished ice well know how to appireci* 
ate the passive resistanee of heterogene<>iis nA»^ 
hesion. 

^ 81. A beautiful examine of the adjnstmentt 
which take place of the two antagonist forces of Ikh 
mogeneous cohesion and heterogeneous adh^siei^ 
is afforded by the phenomena of what is temieA 
capillaty attracHon. The simplest case of this aie 
tion arises when we dip a glass tube of very flao 
bore (hence termed a cofiUary tube) into a liqnii 
which is capable of wetting it; upon attentively 
examining the appearances presented hj such atf 
arrangement, we shall find that the liquid rises iii tha 
tube to a certain height above the usual level, and 
assumes a concave surface at its upper extremity. 
We shall also observe, that on the exterior surftop 
of the tube, as well as where it is in contact with 
the containing vessel, the liquid will stand . above 
the general surface. 

Now we have here three forces concerned ; the 
force of gravitation, by the action of which upon 
the moveable particles ofr the liquid the general 
level of the mass is maintained ; the interior foroa 
of homogeneous attraction, drawing the similar parr 
tides together, and resisting any force which may 
tend to separate them; and the exterior force of 
heterogeneous attraction between the solid and th^ 
liquid. The latter has power to draw up the ia^ 
eluded liquid (which is cut o£f by the glass from the 
action of the homogeneous attraction of the sof* 
rounding mass) against the action of the two format 
forces to a point at which they are all in equiiiMof 
and this power i ncr eases in some high ratiQin; 
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-. versely as the distance ; so that, the nearer the ap- 
proximation of the active particles, the greater the 
elevation. This is not only shown by the gradual 
upward curve of the liquid, as its distance from the 
solid decreases, but may be demonstrated by vary- 
ing the size of the tube, when the rise of the liquid 
wHl be found to increase rapidly as the diameter 
decreases. 

It is in consequence of the concave surface of 
the liquid thus produced that the particles are 
drawn inward by their own attraction with less 
force than when the surface is plane, and the conse- 
quent diminution of pressure from without, inward, 
is made up by an additional column of the liquid. 

The same action may be strikingly illustrated by 
dipping the ends of two plates of glass in coloured 
water, at a very small and gradually decreasing dis- 
tance from each other ; the water will rise between 
them, and the force increasing as the distance di- 
minishes, will' be shown by the hyperbolic curve oi 
the upper surface, the heights of the diiferent points 
of the surface of the water being inversely propor- 
r tional to the distances from the angle, a property 
of the curve which is thus called by mathema- 
ticians. 
^ 1 ^ 82. If, on the other hand, the liquid into which 
v . "tiie capillary tube is plunged be incapable of wet- 
^ '1- ting it, that is to say, if the homogeneous attractive 
: \1 force should be superior to the heterogeneous at- 
'^3; tractive force, a diiferent order of phenomena will 
':'X, arise, but illustrative of the same principles. A fine 
-^^\, glass tube, thus immersed into mercury, will exhibit 
, ^^- a depression of the internal column of liquid below 
J .5 .^c general level ; the upper surface will be convex 
■j'^^ instead of concave ; and at the point of contact, both 
y, Of the exterior of the tube and of the surface of 
(:: the Containing vessel, the liquid will be depressed. 
; ^e forces concerned in the phenomena are the 
^^ine as before, b«t now the homogeneous attrac- * 
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tion has the superiority. The mercury witiiin fhe 
tube is cut off by the inactive surface of the glass 
from the homogeneous attraction of the surrounding 
mass ; its own self- attractive force, therefore, acts 
as from its centre, drawing its particles together, 
and causing them to assume more or less of a glob- 
ular aggregation, according to the same law which 
determines the spheroidal form of a suspended drop 
of liquid. The mcrease of pressure from without, 
inward, which is the consequence of the surface 
being convex instead of plane, is balanced by a 
diminution of the column. The amount of this ac- 
tion is also inversely proportionate to the diameter 
of the tube. (20) 

^ 83. Capillary action is of great importance in 
many natural and artificial arrangements ; and, as 
familiar instances of it, we may refer to the absorp- 
tion of water by a piece of sponge, and to the beau- 
tiful manner in which the flame of a lamp or candle 
is supplied with the liquid combustible by its ascent 
in the wick. The parallel interstices of a bundle 
of small wires will perform this office as well as 
fibres of cotton, which are commonly employed, and, 

(20) c D represents a capillary tube, immersed in a liquid ca- 
pable of wetting it, in the vessel efg h. The liquid standi at 
a considerable height above the general level of the liquid, and ia 

also drawn up by the sides of the con- 
taining vessel and the exterior suiftios 
of the tube, so as to form a curve be- 
tween them. The form of the surftiOB 
of the liquid within the tube is shown 
Bit klm. A B represents a capillarf 
tube immersed in a liquid which li 
incapable of wetting it. The liquid is 
Tti here seen depressed below the general 
level, and its surface in the vessel, a b 
c d, is curved from the depressioa 
which also takes place at the points 
-iB of contact at its surface and the ex- 
terior surface of the tube. The fonn 
of the surface within the tube h 
tHaovrn ht n p q. 
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being incombiistible, may be perpetaaI3y used, pro- 
vided they be kept clean. The natursJ poreb of 
vegetable bodies are also well adapted to the spon- 
taneous ascent of liquids, and it is probabie iuitX the 
motion of the sap of plants is considerably depend- 
ant upon this power. The fact may be plea&inEly 
exemplified by dipping one end of a piece of cane 
into spirits of turpentine, which will h&e to the 
other, and may be ignited. 

It is by this force, again, that water is imbibcad by 
the porous materials of the earth's Eorfaoe, and 
moisture distributed in due proportions to the roots 
of vegetables. The amelioration of soils by clJ- 
ture is brought about by changes effected in them in 
this respect ; and the influence of differences, even 
in theur original constitution, may be trhctd in the 
superior verdure of chalk hills over those of mumI 
or gravel. 

^ 84. The action of filtration, to which the cfaym- 
ist ifi 80 frequently obliged to recur, is also depeai- 
ant upon capillary action. The pores of the filter 
become wetted by the liquid, and transmit it to the 
imder surface by a force of adhesion which is inde- 
pendent of the pressure. When once it has pene- 
trated it collects into drops, by the force of c<tketumt 
which fall from the force of gravity. Not ooiv 
may solids be thus separated from liquids, but li- 
quids which imperfectly mix from each other. For 
tnis purpose the filter must be previoufjy wetted 
with the liquid which it is intended to transiuity 
when that alone will pass, and the other be reject- 
ed. In this manner spirits of turpentine ajjd water 
may be parted from each other. 

^ 85. Few persons, perhaps, are aware of tl^e 
prodigious amount of the force which may thus be 
called into action, and which may be measured by 
the opposition which it is capable of overcofniJii^. 
If a dry plug of wood be tightly fitted into one end 
of a stout tube of glass or porcelain, and a project- 
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ing portion be allowed just to dip into water, the 
wood will swell with such force, by the intrusion 
of the liquid into its pores, as to burst the tube, 
though capable of resisting a pressure of more than 
700 lbs. on the square inch. This power is turned 
to an economical account in parts of Germany and 
France, for separating blocks from the solid rock 
for millstones. Holes are bored in its substance, 
into which wedges of dry wood are tightly driren, 
and, when these are exposed to moisture, they swell, 
from the capillary action, and effectually split it in 
the direction in which they have been placed. 

^ 86. The same kind of attraction and superficial 
action takes place between solids and aerifoim 
bodies, although not so open to common obsenrft- 
tion : but an easy experiment will illustrate the fact 
Take some of the fine dust of magnesia, and sift it 
carefully upon the surface of some water, in a tail 
glass jar, and it will presently become wetted by 
the liquid, and sink to the bottom in consequence 
of its specific gravity being something more than 
twice as great. Take, again, some iron filings, and 
sift them in the same manner upon the surface of 
water, and although their specific gravity is neai^ 
four times greater than that of magnesia, they wiU 
float upon the top. A stratum of considerable 
thickness of the metal may thus be laid upon the 
liquid, which at length will sink in considerable 
masses, when it may be seen that they had been 
previously buoyed up by the adhesion of particles 
of air, which their accumulated weight will even 
carry to the bottom with them. The surface of 
each fragment of metal had been (we cannot, per- 
haps, say wetted, but) enfilmed with the gaseous 
matter, which prevented it from being wetted by 
the water ; in the case of the magnesia, its attrao* 
tion for the air was less, and, consequently, it was 
more readily displaced by the water. 

The force of sidhesion of air to glass is very con- 
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Table v.— A:j;-;; 

Ammo:.'.! . . . ?. 

Munaiic a.-:-: . . '*'. ' ■.- ' , -^ 

Sulphcro'i.* tr.t '.'. '.•: x-*- 

Sulphurefe'- :.; i.-.^T*'. '.' . i" 

litmus ox J :* . . ».-. .;■ ■■ j-r. 

Carbonic &c:: . . \\ .- . " 

It will ap7.*:?tr '.:.':. '*--*--•. v- - ..-- 
others hereaf'.*:r v^ --r r> -. . --- .-*,,. 
are the mo^: rr<i : .y .'. - -/r-. -. . - 
liquids, yield mo^: :ei:..;. v. .* '.- ,* v 
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neoua adhenoB. When charcoal already satuntd 
with any one gas is put into another, it gives out a 
portion of the gas already abEorbed, and t^ea np i 
portion of the bew gAs. 

Aqueous vapour ia also very greedily imbibed tv 
nenly-burned charcoal, some kinds of which will 
take np as mnch as 18 per cent, of their weight b] 
a weeli'B expoiure to the air. 

Though charcoal possesses this property in i 
very eminent degree, it is by no means the oDlf 
enbetaacB whMe pores eserl the force of hetero- 
geneous adhesion. Certain animal and vegetaUi 
textures absorb aqueous vapour so readily and r«f- 
nlarly, that their changes of dimensions which eiv 
sue have been Uken as measures of the amount<rf 
vapour existing in the atmosphere to which ihsj 
have been exposed. Thus, the untwisting of I 
piece of catgot, or the beard uf the wild oat, tbs 
elongation of a thin slice of whalebone, all iSmi 
gooa hygroieopei, or indications of the fatate of ih« 
air with regard to moisture ; and the elongation u( 
■ contraction of a human hair, properly prepared, i' 
etill observed at the Paris Observatory as a Ay- 
-gromtter, although the observations cannot be relieil 
upon, and better and accurate methods have been 
devised for determining a point of great importuiu 
' to science. 

All these substances give up the moisture whieli 
they have imbibed when exposed lo a dry atmo- 
sphere, and return more or less accurately to th«r 
original dimenRions. 



one vessel into another; Inrge quantities of I... 
■trongly attached to its surface, are carried by tM 
momentum of the falling mass below the surfaatf 
and, becoming more elastic from the compn 
detach themselves, and rise again in ti streik 
bubbles. We see this prooeia npoa u iafl 
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quietly aLi .i*. -;:..- :;:■ "' 'jl^ : . .- • "- — - 
operation, i'r.e t ;»v.v .*:»5t :.«:.' j _*- -.Si..- . 
creation. bo:ii cii^ni^ i-iii --i-^-.i..^. tf-- •.,-;.^ 
with the vi"-ii l:.'- i:;*:»i ▼i^'.-i ;j-:r ''-.:*^ .- .-. 
pends. If we tsx* i xjsar.:: -X i-v:: v >-• 1 ,.r. 
place it in a zlt^* t«*^. uni-*.- ::f- '•c^---- -»-;• . ^ 
airpamp. anf txia-^jr. :ii» «;;• if.! -vri;c- .*r*-rr- 
ly transparent ajui iri'Lr'.s:'!*:. .1: : - r-r-— .-- » r- 
iar reduced as Vj tzxiitit r. v. :oi c .j' .'.r^- *-,- **-• 
temperature, sl: J" ▼* tj'.nr i : "..---: >- &s'.«- 
boiled water to r&XLa :i '^rs^'z r;:- •> f 
Bome hours, and a^-*r»tn i-yj* : v_'^ :v- r-^ 
ceiver, almost irj^ *-:** fa.- i?;-ii * -i :•#* :.-.••:-. r- 
sball find bnb&ie? -/. tT 's-jrnimi :: :- &:>-. . »- 

Sireatest part of wi^vi v-j. -»* ^:;r5»-.-sr-. . : >- •/. 
iace of uie glass, tii wj. ;m-* v. :f*?-» .... .-:.-•.- -sit- 
ing in 8ize,'theT ±:;u-7 tjuj- .ith.- »r?«>f:^ •• t- 
air maypropeiiybe \.\^i w vx^k i#H»-t si.. .--itf - 
the water; and ibcs w* cr» i« ••. vr.ici%*r :^^ :«t^ 
ceases of M/irfum tiii r«Kt:^ at iT.-'-ini'j*^ t/ :-# 
force of adhesioL. iJT:uvi;ri '::#»7 t.-* ^rsnmv.* 
referred to the actios erf Hsk lirfiii*;,* Jv* -y «- la- 
ical affinity. 

^ 90. In seeking oct •iie "^tpi ^uiv: i:tiir *:»«'»,» 
actions, let us first rt^am to --u* txwt.jiu tv.iv: •.' 
liquids and solids. We 'kscrt m«!l ude vim i 

H 
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piece of clean platinum is dipped into mercury, 
force of adhesion between the two metid» is n 
cient to overcome the cohesion of the liquid wt 
thus adheres to the solid, and wets it. If fo 
plate of platinum we substitute one of tin or li 
the same effect will be produced, and either m 
will be immediately wetted by the quicksilver; 
if we DOW leave them immersed in the liquic 
farther effect will be produced, and the force of 
hesion will be so strong as not only to overcc 
the feeble cohesion of the liquid, but the strong 
mogeneous attraction of the solid itself : the i 
cess of solution will take place ; the solid will 
dissolved in the liquid. 

Let us now select a more familiar instance 
lump of loaf sugar, just immersed in water by i 
small point of contact, will quickly draw the liq 
up into its pores by capiUary action ; but the fo 
of adhesion proceeding beyond this will speei 
break down the solid textures, which will disapp 
in the water. We may vary the illustration ¥ 
any soluble salt. We may judge of the energy 
the force which is thus called into action, gentle 
is the process, by estimating that which it oi 
comes, namely, the cohesion of the solid, by 
effort which we must make to break its mf 
Whatever tends to diminish the antagonist fo 
promotes and hastens the process of solution ; t 
every one knows, from common experience, that 
mechanical pounding or breakii^g of a lump ojf su 
or salt will considerably facilitate its solution. ** 
have seen the facility with which glass becon 
wetted with water; if we dimininish its cohea 
by mechanical force, a portion of it will be < 
solved by the liquid ; and upon placing some yi 
finely pulverized flint glass upon turmeric paf 
and wetting it, the yellow colour of the paper ^ 
be turned to brown by the action of the solution 

$81. The action of a solvent upon a solid 
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over, limited by its cohesion : when the homO" 
MS and heterogeneatts forces are exactly bal- 
1 in the solution, the solvent is said to be satu- 
. With regard to water, the point of saturation 
ifferent bodies, even of the same class, varies 
much ; thus at ordinary atmospheric temper^ 
8, an ounce of distilled water will dissolve 
its weight of sulphate of ammonia ; one third 
i weight of sulphate of soda ; one sixteenth of 
late of potassa; and not more than one five 
r^th of sulphate of lime. Water, however, 
h is saturated with one salt, will still be capable 
ssolving another. 

S. The mechanical disruption of a solid, even 
16 finest levigation, is, as we have seen (^ 61), 
. very imperfect mode of diminishing the force 
fthesion ; the finest conceivable particles which 
hus be detached, consist, probably, of a count- 
nultitude of its ultimate atoms, which are still 
ly bound together by homogeneous attrac- 

bat by the application of heat we have it in 
x>wer to counteract the latter force, by a re- 
DD of the like intimate nature ; and by so doing 
Dcrease the effective antagonist force of hete- 
leous attraction. The action of a solvent upon 
id is, therefore, much increased by raising its 
erature. Water may thus be saturated with a 
it the common temperature of the atmosphere ; 
if heat be afterward applied, will dissolve an 
ional quantity ; if the solution be tnen allowed 
lol, the attraction of cohesion will resume its 
idency, and the additional portion of the salt 
l>e deposited in a regular solid form, 
.ere are, however, two or three remarkable 
ptions to this general law. Water, at the 
erature of 32^, will dissolve l-656th of its 
ht of lime; at a temperature of 60^ it will 
up no more than l-750th ; and when boilinff, 

1- 1280th; so that, when lime water is boil* 
L portion of the lime is precipitated or ag. 
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«r0gftt0d into tmaU erjrstaUine gnim. 
DUity of sdphate of aoda in water alac 
(nn^dar law : after having incfeaaed nq 
temperature of 08^9 where it ia at ita n 
dimmiahea to 916^, at which temperatim 
nearly of the aame aolnbility aa at 87^. 
niate of aoda ia another aalt which { 
anomaly of the aame natore. Ezceptioni 
lawa of diia kind, although not nnde: 
flusta of extreme intereat, a^ general^ ; 
oommencement of a olew, hv following 
may be led farther in the lahyrintha 
knowledge. 

^ 03. Aa the force of heterogeneooa 1 
thoa eapaUe of orercoming the force c 
neons 'altraotioD, ao ia it capable of reat: 
keeping down the force of homogeneoua 
and gaaea are ansceptible of solution 
and aa the^point of aoiution of aolids ia 1 
by the antogonist. force of cohesion, ao 
aaid to be aaturated with a sas when th 
heterogeneoos adhesion and self^repulai 
actly ralancedi . We have just seen that 
ric air may be fhna united with water, 
kiqds of aeriform matter are capable of 
to a much greater extant Water will c 
own bidk of carbonic acid, whatever iti 
may be, provided an equivalent amount c 
be maintained upon ita auriace. Soda-wi 
kept ready for immediate effervescence ' 
chanical compression of this acid upc 
which it begins to make its escape the n 
pressure is relieved. By heating this s 
whole of the air may be expelled, fo 
course, increases the repulsive force, a] 
it to overcome that of adhesion. 

^ 04. But there are other gases which, I 
taken up by water, are not capable of t 
separated by any increase of tempevature 
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of adhesion between, them is so strong, that they 
remain united when both are in the self-repuLsive 
state. Thus muriatic acid or ammoniacal gases 
are absorbed by water with a rapidity which is 
quite immeasurable, and, when the solutions are of 
a certain strength, may be distilled without change ; 
they rise together in the elastic form, and are again 
condensed by cold. 

^ 05. This will aptly introduce to our notice the 
exertion of this force by bodies in the same physi- 
cal state, as the action of liquids upon liquids and 
gases upon airs or vapours. Such combinations are 
termed mixtures, and, unlike solutions, are unlimit- 
ed by any antagonist force, either of attraction or 
repulsion. 

Some liquids, however, are incapable of this in- 
corporation or mixture : thus oil and water may be 
mechanically mingled together by agitation, but, as 
every one knows, spontaneously separates again in 
the completest manner. Here we may suppose 
that the forces of cohesion and gravity, which both 
oppose adhesion, are superior to the latter. Some 
few liquids mix together in a very minute propor- 
tion of them, as ether and water. If these two li- 
quids be agitated together, by far the largest portion 
of the former will separate from the latter and 
float upon its surface. This is, in fact, a case 
of solution, the point of saturation of which is 
determined by cohesion and gravity: most U- 
qoids, however, mix together, and particularly with 
water, in the most perfect manner, in all conceiva- 
ble proportions, and against the greatest differences 
of specific gravity : thus a drop of oil of vitriol or 
of alcohol will become perfectly diffused through a 

Sillon of water, or a drop of water through a gal- 
n of vitriol or spirit. The specific gravity of sul- 
phuric acid is almost double that of water, and yet 
the difference, combined with its remaining cohe- 
liozi and that of the water, is not sufficient to sep- 

H9 




me the two. Tlie fuognm I0t} 
le ihown in a Tery intereetiBg imiHieir lltf < 
lome water with some TOfetaUe Uooi '«ai 
ij pouring it, by means of a small tobe^ 
surface of the acid, in a taU glass Jaart nl^ 
of contact of the two liqiiidB» and lo m siniil(| 
above, the Uae water will be knmediataly r ^^ 
by the acid ; but, if the ezperuneat bo 
made, the colour of the neat bulk will bo'„ 
ed, and the jar will ezmmt thrM perfeollf < 
strata, of colourless aeid brtow, of mixed a 
water of a red colour in the middle, and on 
the blue unmixed water. In this state oft 
process will proceed ; the heavy add wUl bo 
attracted upward, and its course will be m 
the change of cokmr. That the miztorois 
duced or assisted by any currents in the li 
be manifest from the lines of junction of 
ent colours, which will remain perfectly s] 
defined, and horiaontal, during the progress' 
experiment, which will not be comi^ete fov 
or four days. A similar experiment may bo iff 
with coloured alcohol and water, and in both 4 
the mutual penetration will ultimately be parCs 
^ 90. Aenforra bodies are capable of misdv 
gether in the same way as liquias ; and as thai 
no remains in their case of efficient cohesivo= 
to oppose the force of adhesion, they are all' 
ble of rq>id diffnsiott through each others m 
and there is no limit to thehr iacorporatiOB: 
is no point of saturation. If a portion of byd 
which is an inflammable gas, and the lightesl 
ponderable substance, be confined in a stro' 
and a portion of oxygen, a supporter of c 
tion, and sixteen times heavier, m a similai 
and the two be connected together by a 
tube three or four feet long, the hydrogf 
placed above, in the course of a short 
iisavisv air will be drawn up by the lightei 
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Diprrsiox or gases. ^1 

r drawn cc^rn r;.- :hf Itirirr. ?:■ lis.: s. :.*r- 
nd ecucJ ciit-re ::' iie :«: w._ -s^f : .L:t 
n eXw-o&ive c ::..:■: ur-i v_. :* :' :: . .:" ;. .i 
lais; &:;d :ie siz-r rrzi-trry i-t. r* " l^ 
In the siEie wlt. ::' wl:*: :•= .i •.•... -: 
receiver of liTii::.}' try L.r. t-s lm -l . . i v^ 
diateiy conimeL:*. ii: ii:«- .: .: -iii.: - .:»: 
tension as ::*i; - :.. :i. l: ir *s-=- i n ;•--•.■ 
wouid rise I-. : j:--. z^-It- t. : •:* i..:i«> 
B. Dr. Ddl'.cr.. :: -js;.:?^ iItlj-^.-vs ::•.•: :-» 
It science is grra'.ly .:..r::f-; -i 
al fact bv stv.ir-t V.i: - ;:* *• 
71 with respe,: :: 2.:..:i:e: ' ^j 
lean to asstr: ::.i; *.:,t ;:•':«:•? 
place with i:*e ssr-r Tt". .•:..} i- 
acuuni : because the p^-....r5 .: 
ived, aiTord a ineclii.-.::*! :..:;-::« -*:.". -: : *. 
3SS of the other, but :hi: :l:e •—:..-&.= :«•— --d 
me. 

\ It is scarcely possible duly to sirrc-;:!:-?, .z 
ist economy of terrestrial adap :«x:i'..:s. ••"•=, --^i- 
ice of this mechanism by whioh gi'^cs a:: i vi- 
rapidly permeate each other's buiics, an-i be- 
equally diffused. The atmosphere^ which 
mds the globe consists of a mixture of sever- 
iform fluids in certain fixed proportions, upon 
roper maintenance of which, '" by measure 
y weight," the welfare of the whole organic 
on depends. The processes of respiration 
ombustion are perpetually tending to thft de- 
ion of these nicely adjusted proponor.^. 'r,y 
)straction of the vital air, and tr.e st.:.* r. :'.\ . 
jther which is a deadly pci.<on *." *»;. .r.<. ..;'" 
et, by the simple means wr.-r, -. v-» 
sd, the poisonous air is nc*. i.. ■*•»•*.': 
e, but '^iiffuses it.-je;:' .r»s'.i.;:.; ■•■.r-.';>: 
ling spftce. wh.le v.e v^. j-t.- '\--.-- 
er *ende:ic;/. to aiippiy ,.u» •#*nr:'': ■ 
»cal coLsumptioa ha« creaud. .i *:•'••' ^ 
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variable uniformity of this mixture, which is one 
of the most surprising phenomena where all is ad- 
mirable. The most accurate examination haabeen 
made of air which has been taken from localities 
the most opposed to each other in all the circum- 
stances which can be perceived to affect its purity; 
by means of a balloon, from a height of 22,000 feet 
above the level of the sea ; from the surface of tiie 
ocean ; from the heart of the most crowded dis- 
tricts of the most populous cities ; from the summit 
of Mont Blanc ; from within the Polar Circle ; and 
from the Equator ; and no difference has been de- 
tected in the proportions of its principal constitu- 
ents. We shall return to this subject when we 
touch upon the properties of the differents kinds of 
matter which constitute this wonderful mixture. 

^ 98. The most usual practical mode of separating 
bodies which are united by the force of heterogene- 
ous adhesion, is by effecting changes in their phys- 
ical states by means of changes of temperature. 
If it be required to recover a sohd from its solution 
in a liquid, the solution is placed in a shallow pan 
or basin, and heat applied, when the liquid will be 
evaporated, and the solid remain. If it be necessary 
to preserve the liquid also, as a valuable product, 
the process is carried on in close vessels, and the 
vaporized liquid, after quitting the solid, is con- 
densed by refrigeration in a separate vessel. The 
process is called distillation, and may also be ap- 
plied to mixtures of liquids of different degrees of 
volatility. 

The abstraction of heat, and the consequent de- 
crease of the force of self-repulsion, or the increase 
of homogeneous cohesion, may also occasionally 
be employed for the same purpose. Thus, by the 
application of cold the aqueous part of sea-water 
may be frozen, and a strong brine will remain be- 
hind ; or brandy, or any other mixture of water and 
alcohol, may be frozen so as to leave the spirituous 
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part nearly in a state of parity. Vapours, again, 
may be separated from gases by a reduction of 
temperature ; but other forces must be had recourse 
to for the separation of mixed gas, on account of 
the inadequacy of all ordinary means to a£fect their 
physical state. 

Heat. 

^ 09. We have already traced the origin of homo- 
geneous repulsion, the antagonist force to homoge- 
neous attraction, or cohesion, to that cause, what- 
ever it may be, which produces in us the sensation 
of heat : it is necessary that we should now inquire 
with more precision into the nature of this subtile 
agent, and the laws which regulate its action. 

And first, with regard to the active sources of 
its abundant supply : the principal of these is the 
son. The most inattentive observer cannot have 
failed to remark that the direct rays of the sun — 
some communication that is from that splendid but 
distant globe, which we designate by rays — ^impress 
him with the sensation of heat ; and without this 
benign influence upon the animate and inanimate 
creation, all nature would be bound in the adaman- 
tine chains of cohesion : and could we imagine man 
to exist for a moment upon the face of the globe 
mder its privation, vain would be all his puny ef- 
forts to remedy the defect from artificial sources of 
this life-preserving agent. The conflagration of 
every combustible upon the face of the earth would 
be insufficient to compensate for twenty-four hours 
the absence of the glorious orb of day. 

^ 100. The second source to which we may ad- 
vert, we may distinguish as mechanical, and con- 
sists in the friction, or rubbing together of solid 
substances. In this operation strong mechanical 
force is opposed to the forces of cohesion, or ad- 
hesion and heat is generated by the reaction of the 
two. 



From Bome l&t« •xperiment of M. Becquerel.it 
appear* thai when ft ron^h body is rubbed against 
another with a smooth sahface, ;he former becomes 
hotter than the latter. Wiit-u polished glass is rut>- 
bed against cork, the flrat becumea the hotter in iLc 
proportion of 34 to 6: ground yluss becomes hoUer 
than cork in the proportion of 40 to 7. Silver anJ 
cork— the first becomes hotier ihan the second, Id 
the proportion of 00 to IS. No change in the utile 
or qualities of bodiei, thu^ iictiiig upon each other, 
necessarily accompanies the evolution of heat; 
neither is it necessary that they sliould be of diffe^ 
ent natures, or possessed of any opposiiiun of qual- 
ities. Many funiliar iustuii^es of high degrees of 
heat, derived from this aourcc, wiU readily occur to 
a reflecting mind. 

Two pieces of wood, rubbed together, speedily 
become hot ; and when the force and ihe volocil; 
are great, so much heat tnay be involved aa to ac- 
casion combustion. The axles of the wheels of 
machinery or of carnages not uofrequently lake 
fire from this cause; and it is well known that cer- 
tain tribes of Indians, with a dexterity and address 
which we do not possess, have so far applied obsec- 
ration to practical pnrpoees, that ihey are in the 
h^it of kindling their fires by this means. 

The sparks of the common flint and steel consiit 
of small particles of the metal sttuck off by ibe 
itone, and burning imder the influence of the iwU 
•licited by the blow ; and every one has had an op- 
portunity of obseiring the more copious display 4( 
fire from the same source at the knife- gruidesA 

In some parts of the United States, where lh« 
mechanical force of falling water is abundant, Ihe 
■nrplus power of certain mills has been moat inge- 
niously turned to good account, by cauaina i^-"^ 
plates of iron to rub against each other, ajoam- 
ing the heat thus evolved to the wanaing al 
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building. The most remarkable circumstance at- 
tending this source of heat is, that it is absolutely 
unlimited : so long as solid bodies can be made thus 
to act mechanically upon each other, heat is given 
oat. 

Count Rumford endeavoured to ascenain hovr 
much heat was actually generated by friction. ^ 
"When a blunt steel borer, three inches and a half 
in diameter, was driven against the bottom of a 
brass cannon, seven inches and a half in diameter, 
with a pressure which was equal to the weight of 
1Q>000 lbs., and made to revolve thirty-two times in 
a minute, in forty-one minutes 837 grains of dust 
were produced ; and the heat generated was suffi- 
cient to raise 113 lbs. of the metal 70° of Fah. ; a 
quantity of heat which is capable of melting six 
pounds and a half of ice, or of raising live pounds 
of water from the freezing to the boiling point. 
When the experiment was repeated under water, 
two gallons and a half of water, at 60^, were made 
to boil in two hours and a half. 

^ 101. The third source is chymical, or the action 
of particles of dissimilar or heterogeneous sub- 
stances upon each other, accompanied by complete 
change of properties. All cases of common com- 
bustion, all our artificial processes for obtaining 
liflht and heat, are familiar examples of this action. 
'Hie changes which take place in the active bodies 
daring this evolution of heat, it will be a princi- 
pal part of our business to inquire into hereafter : 
we have only at present to remark, that the heat 
evolved in each case, however copious and intense, 
is limited and proportionate to the quantities of the 
re-acting substances. 

^ 102. The fourth source of heat, but probably 
nearly allied to the last, is electrical. That force 
niiich we have recognised as arising from the fric- 
tion of glass or resins, by operating upon larger sur- 
faces, may be accumulated in the form of a spark, 
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which will ignite combustible substances. This ao* 
tion we must also refer to future investigation. 

^ 103. A fifth source is physiological, and exists 
in ourselves. Heat is a product of animal life : we 
are conscious of this in ourselves ; we can feel it, 
and we can judge of it by our sensations, when 
communicated from other persons and other ani- 
mals : we can increase it in ourselves by muscular 
exertion ; our hands and our faces bum, and in thu 
state we can communicate the sensation of heat to 
others. 

Heat and cold, in fact, when referred to oar sen* 
sations, are but comparative terms, and depend upon 
the temperature of our bodies at the time of expe- 
rience. If we raise the temperature of one huid 
by plunging it in. hot water, and at the same time 
cool the other in cold water, upon removing both 
into a basin of tepid water, the same water will feel 
warm to one hand and cold to the other. Any es- 
timation, therefore, of temperature by sensation 
must necessarily be extremely vague. 

^ 104. Now, in none of these various actions of 
material bodies, which we have thus recognised as 
sources of heat, is there any loss of material sub- 
stance. Notwithstanding the copious evolution of 
this wonderful agent, the quantity of the active 
matter — its weight — remains the same, whetiher 
combination ensue or not. 

This something, then, which is generated in onr* 
selves, or which may be communicated to us from 
any of the sources which have just been named, 
which we recognise by our sensations, and denomi- 
nate heat, may be communicated also to every form 
of matter without increase of weight ; and these 
can again impart it to us without loss of ponder- 
able matter. 

Thus a piece of iron placed in the direct rays of 
the sun will soon feel warm to our hands ; or, 
when made red hot in the fire, will communicate 



EXPANSION. 97 

heat to us ^ven at a distance ; but its quantity of 
ponderable matter will be neither increased nor di- 
minished. 

The accession of heat, and consequent increase 
<>f repulsive force among the homogeneous par- 
ticles of matter, not only determines the changes 
of state from solid to liquid, and from liquid to aeri- 
form, which we have already noticed (^ 62), but pro- 
duces expansion of bulk in bodies in all these states ; 
and we must now inquire into the laws of this ex- 
pansion, and the steps of the progress of a body 
from one physical state to another. 

^ 105. The increase of bulk for the same in- 
crease of heat, differs very much in the different 
classes of substances. In solids it is small ; in li- 
quids greater ; and in aeriform bodies the greatest 
of all. It also differs in bodies of the same class. 
By accurate measurement, it has been ascertained, 
that in raising the temperature of the following 
solids from the freezing to the boiling point of 
water, 

Lead expands in volume • . l-350th 
Iron " " . . l-800th 

Glass << " . . 1-lOOOth 

that is to say, 350 cubic inches of Lead become 351 

800 " Iron " 801 

1000 *« Glass '* 1001 
by this accession of heat 

The subjoined table includes the most interesting 
leanlta of the best experiments upon the subject : 



Tuu VI.— ZiHMflr Dilatalion frim the FreuMi ft J 

tkt BMing Paint of Water- " 

lOOOOOQ of Olui tube becoau 

" Crown gluas . . " 



expresses its iocrease in length, where, as in UK 
above instances, the fraction of its length is staaU. 
By the same charge of temperature, the followwig 
liquids augment their volumes in Ihe annexed pro- 
ponlODS : 

1000 puta of water beraima loia 

1000 " ofoil ... ■' 1060 

1000 " rf quicksilver " 1018 

1000 '■ of (piriU! of vrine . " 1110 

But every aeriform substance, provided it be not 
in contact with a liquid, expands in the same piv- 
portion; one thousand parts of air becoming 137J, 
by being heated from the freezing to the boiluig 
point of water. 

These expansions take place gradually, and wton 
the heal is withdrawn the bodies return to than 
original bulks, by currcspundiiig regular contrac- 
tions. 

ij 106. Now the perfection of science depend 
upon accurate measurement and instrumental pre- 
cision : there can be no advance of a single al« 
without these essential means. The unu 
senses are by no means sufficient to d«ML 
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quantities with an3rthing approaching to the neces- 
saiy degree of exactness. The hand, or the appU- 
cation of muscular force, may indeed inform us that 
one body differs very greatly from another in grav- 
ity ; but without the balance to determine weights 
which would be wholly inappreciable in this way, 
the science of chymistry could not have existed. 
So our sensations may inform us that one body is 
hotter or colder than another; but without some 
means of measuring differences of temperature 
which would wholly fail to affect our senses, our 
knowledge of heat would have been small indeed. 

It is by observing that expansion or enlargement 
of volume is always produced by the same causes, 
which affect us with the sensation of heat, that we 
come to regard expansion as the indication of heat , 
and as this is an effect which can be ascertained 
with the utmost precision, we adopt its measure as 
that of the cause which produces it. 

If a certain quantity of air, or of a liquid, or 
solid, undergo an augmentation of volume which 
we can determine when exposed to a certain source 
of heat, and, when we expose it to another source 
of heat, that expansion is doubled, there is reason to 
infer that the intensity of the second source is 
double that of the first. And this is the principle 
of that useful instrument the thermometer. 

^ 107. The honour of the first invention is gen- 
erally ascribed to Sanctorio, an Italian physician, 
about the year 1590; but the same contrivance 
probably suggested itself in an independent manner 
to OomeUus Drebel, about the year 1610. One 
thing, however, is certain, viz., that it dates from 
about the beginning of the seventeenth century. 

The thermometer of Sanctorio consisted of a 
hollow glass globe, attached to a long stem, open at 
the opposite extremity ; a portion of air was ex- 
pelled from it by the expansive force of heat, and 
the end of the tube was then immersed in a colour- 
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ed liqiiid.(91) Am the inelnded air eooli 
tamed to its former Tolanie, the Uqiiid v 
tube, firom tbe superior elasticity of tbi 
air pressing upon the eztemsl sumoe of i 
A scale of equal parte was applied to tb« 
which the ezpanaion of the indiided air f 
or its contraction from cold, coold be mm 
the moTcmeat of the eolaom of liquid 
liable, however, to the otyeotion of b^ 
upon, not imljr by the ezpanaion of the 
air, but by the barometric diaogea of Am 
atmosphers. 

^ 106. Air has not only the adTantafp 
extremely regular in its expansion, bqt «!« 
eating Tcry minute changes of tempenttn 

great alterations of Tolume which it naden 
eiog heated and cooled; and a modiflcan 
aur-thermometer is now yery often used u 
researches. It was invMited in the year 
was doMty brought into notice by the s 
experiments of the late Sir Jo)m Leilie. ii 
of two thin equal ^lass balls, united torn 
tube bent twice at nght angles, the balja Im 

ated at the top of thi 
dicular arms, and cul 
any commonicatioii i 
atmosi^ere. Both bf 
tain air, but the grealei 
the tube is filled with i 

(21) Air thfirmometar of 
B 18 the stem of the ioitn 
upper end of which terminal 
pacious ball, while the bw 
low the surface of the liqi 
▼easel c. When a portioii 
been expelled from the lisl 
and it is afterward cooled. Ch 
elasticity of the oatwara ai 
column of Ivapid m the atsiB 
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d liquid. (22. This instrament cannot be affected 
Y any change of temperature acting alike upon 
oth the balls, for the pressure on the opposite tur- 
ices of the included liquid will in such cases be 
[ways equal; but it will instantly indicate the 
ightest difference of temperature between the two 
aUB ; for the elasticity of the air on one side beinff 
reater than on the other, the liquid will be forced 
awards the side where the temperature is the low- 
st, and the difference may be measured upon a 
3ile. The instrument has hence been named the 
ifferential thermometer. 

1^ 109. The first great improvement in the ther- 
lometer for ordinary purposes was made by the 
lembers of the Italian Academy del Cimento, in 
960, who substituted the expansions of a liquid as 
le measure of heat ; enclosing it in a glass ball and 
ibe, which was afterward cut off from all commu- 
[cation with the variable atmosphere by softening 
le extremity of the glass at the flame of a lamp, 
ad hermetically sealing it : the instrument thus at 

once became more accu- 
rate and more manageable. 
Spirits of wine was the 
liquid first employed, and 
quicksilver was afterward 
used by Halley and Sir 
Isaac Newton : both liquids 
are now, at times, employ- 
ed for different purposes. 

^ 110. Still the thermom- 
eter wanted much of per- 

(22) Difierential Thermometer 
of Leslie. The liquid in the two 
stems is shown at the same level 
as when both balls are exposed to 
the same temperature : any differ- 
ence can be accurately measured 
upon the attached scale. 
12 
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fection ; for different instruments thus constructed 
could not afford comparable results, although ex- 
periments made with the same instrument were 
comparable with one another. For the last great 
improvement we are indebted to Newton. It had 
been observed by another eminent philosoper, Hook, 
that the temperature of melting ice was always 
fixed and permanent ; and that the temperature of 
boiling water was equally invariable, provided the 
pressure of the atmosphere did not change. The 
sagacity of Newton pointed out the application of 
these observations to the completion of the instru- 
ment.. If we immerse the mercurial thermometer 
in melting snow or ice, the liquid will gradually con- 
tract, and sink in the stem to a certain pointy and 
then stop ; and, however long we may allow it to 
remain in the ice, it will sink no lower. The ezpe^ 
iment, repeated at any time or in any place, will 
afford the same results ; the liquid will always sink 
to the same part, and no farther. By marking this 
we obtain one fixed point, which must be the same 
in every thermometer which is subjected to the 
trial. If we now remove the instrument into, a 
vessel where it may be surrounded with boiliiig 
water, while the barometer indicates an unvarying 
pressure of thirty inches, the liquid in the glass wiU 
expand till the mercurial column reaches a certain 
height, where it will again become perfectly sta- 
tionary, and afford another invariable point of com- 
parison. The distance between these two points 
measures the amount of expansion of the whole 
quantity of the included liquid ; or, rather, is the 
measure of ther difference of the expansion of the 
liquid and the glass; for both expand. Upon the 
supposition that the expansion of the two is equa- 
ble, and that the bore of the glass tube, in which 
the liquid moves, is equal throughout, the distance 
between the two points may be divided into any 
number of equal parts, and the equal amounts oi 
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czpaDsion or coLinz'i^-.z. mrAsis^i vj Ufva zlst -jt 
taken to indicaie e-:-fal -iiiTtriif**!.*.-, .-r >r_-t;:;»*riix 
of temperature, w^.:: v:_ -j:.r.'»r-.:i-.-:,L .; «. iT.'-.-^ 
ments simiiariy sra.i-s."jri '.X'! .:.* c..: :.-» :.-.:. 
moreover, that :i.e Is- :;' -ii:;:i.--M:'i '_-j:...::>r: ::«•. 

same both above tir >: i^ ijui -j*a-. v i^ .--r-rci-s 

point of water, ai: ei:'^ :.•.::. vf ::** tmic ••--i.i- v' 
equal parts will af,-:i :i-i ii»*-l.i:* ;•' nj^riTj- : ; 
greater and less c^ftTt*?s 'A ■->i_:»i.-i.:ur* v.:l :-.^ 
erence to the saaie f-x*:: r-i^iu':. 

^ 111. It is mu^i to >«e Isjl*:!:*-.*::. •.:.t: .trt :i:* iV-sv 
phers of differed Ls::^-? -i*^ iiin i-i'.-v^: : x': ::'• 
arbitrary division of tils «i"« a«r.«.-_-i* _-■<;:;.';■ i...'.. 
consequently, we L av e t?^-, v Jt 'Zjt, tjj . ■ : j»r .r^ *, *svi:. . •. « 
i^hich perpetually re-. -:r^ -v i»c :-.: v-.e: .'rj:i o:i» 
to the other in the offtrtL*. i.e-'%*'^r.- v.:- :Arir,'j:.-. 
In this country it is ciriiei .lv^ ;^'. u*-'-': vr '^^-' 
grees; but the' freezing -poll, t ife r-',t c*:b,/::i.-%: -.v 
Zero, or 0^, but by thenuxb^r cf 5:i^'-. :i:tA::.i- *.:it 
boiling-point of water 212'- ;:.b:*ii' o/ jc-'/- ii.:i 
scale was introduced ty FiLr^-":e.t. c 0»:'£:al %.-> 
ist, who conceived that Le hi^d v.Vs..'.e: '.rj* -vvv'-.': 
possible degree of cold by tLt r.-'-'-ft- <.v -vl v.* 
common salt and &now. If t ir.^r::.'j::j^.*T 'A: .-, 
troduced into such a mixture, it ».J- «:v:r-ract .'- 
about 32 l-180th parts of t:je tz>-%:>..v- ve*. »*>*', 
freezing and boiling water, w.'i ::.•>, t:^«: vj;::::*^'*'^- 
ment of this scalefor 0. w^.^: ;,k.':*:': <.: :;..■>. j/*^,;,-: 

In France, the the rmo meter ijiiuh^: KO^w/iVft 
was for a long time gene rail y eni;.:oyec : '.;*e r..'j:i- 
▼al between freezing and boiling waV;r j*. *.;*;k j;-- 
strument is divided into eighty dejrree*:. The jr/v, 
uation commences at the freezin^-poi::t. axiC t:.e 
boiling-point is the eightieth degree, it ife h\*,i xu 
general use in Russia. 

The scale now generally zAo^A^-A in Yr4.xi*M w*iij 
originally proposed by Celsius, and uhe'j in Hw:*U::i. 
It commences also at the freezinj^-fyjifii of wat<;r, 
between which and the buiUng-poiiit the »pace i« 
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divided into 100 parts : hence it is now commooly 
distingtUBhed by the name of the centigrade ther- 
mometer. (33) 

Other divisions of the thermo- 
metric scale have at times be<Ni 
introduced, but have fallen into difr 
use. 

Fahrenheit's division is founded 
on error, and is very aibitrary and 
inartificial ; it has, however, two 
important advantages : Ist, The de- 
grees are small, and hence it is less 
requisite than with other scales to 
use fractional parts, which, in ol>^ 
servation, are apt to be neglected) 
and in calculation are inconvenient. 
3d, The commencement of thescale 
being placed at a low temperature) 
we have seldom to express negative 
degrees; while, in tne centigrade 
and Reaumur's, it is always neces- 
sary either lo prefix the signs of 

(S3) Then three dirtsions of the ther- 
mometer are laid down and compared in 
tha anoBied scale, together with another, 
bj De Lille, non in disuee, in which the 
space between the freezing and boiliof 
points la diiided into 150°, the Zero beinf 
placed at the latter. 

Knowing the ratio of these scales toeack 
othet,iioth]ng, of course, can be easier Ihao 
to change the eiptession of their degreM 
from one to the other. Let it be reauiied 
(o know wbat 70" cent, ia upon Fahrni- 
heit's scale : 

iOO : 180 :: TO : 126 and 126 + 33° (or 
the number of degreee from Fahrenheit's 0) 




=159. 

Or what is 74° RSsamur n; 
grade icale : 
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minus or plus ( — or +), or by terms to denote 
whether the number stated is above or below Zero. 

It would not be difficult, in the present advanced 
state of science, to invent a division of the thermo- 
metric scale, wliich might at once be more philo- 
sophical and more convenient than any of those 
now in use ; but nothing but the general consent of 
the leading scientific men in the principal countries 
where science is cultivated, would justify the at- 
tempt ; which, without such an agreement, would 
only add to the perplexity and distaste which every 
one at times must feel from this multipUcation of 
scales. 

^ 113. It would be foreign to the object of this 
work to enter upon all the necessary refinement in 
the construction of a good thermometer ; but every 
one should know how to test the goodness of in- 
struments which everywhere abound. The princi- 
pal point to be attended to is the equality of the 
bore of the tube ; for if equal lengths have not equal 
eapacities, of course a scale of equal parts will not 
divide the expansion equally. This may be ascer- 
tained by breaking off a portion of the thread of 
mercury in the tube, which may generally be done 
by a dexterous jerk, and, moving it up and down 
the tube, ascertaining whether it occupy equal 

rses in every part. This is very seldom, indeed, 
case ; but a correction may easily be apphed to 
the scale by marking off upon it spaces of equal 
capacity. The examination of the fixed points is 
not difficult ; but when the range of the scale wiU 
not admit of this, an accurate comparison should be 
instituted with a standard instrument. 

^ 113. When great degrees of cold are to be 
measured, spirits of wine is the liquid selected for 
the construction of the instrument, as it has never 
yet been congealed by the greatest degree of cold 
to which it has been possible to expose it ; whereas 
mercury has been known to become solid even in 
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the natural temperatures of the arctic regioDi. 
Spirit, honever, passes into vapour at a tempen- 
ture far below the bulling -point of water ; and it i< 
UBual, therefota, to graduate thermometers made 
■with it by ■comparison. Mercury is well adapted 
to most commoQ purposes, as its congealing point 
ia sufficiently lo*v, and the upper part of its aeiit 
may be extended to nearly 600, in consequence of 
its high boihng-poiiit. 

The openness of the scale of a the tmo meter de- 
pends upon the rcliiive capacities of the bulb and 
stem; the greater tho former compared with the 
latter, the more tlie expanded liquid will be extend- 
ed, and the larger will be degrees, and the more 
easy the observation of fractious of a degree. Bni 
the dehcacy of the iustritment, or the quickneM 
■with which it adjusts itself to changes of leraper*- 
ture, will depend upon the smallneas of the quantity 
of the liquid, oi of the matter upon which the 
change ia to be efTecied. 

^ IX*. Dr. Brook Taylor was the first to confina 
by esperimeat the hypothesis that equal thermu- 
metric degrees, or equal amounts of expansiao, 
might be taken to represent equal increments oi 
temperature. He took a pound of water, and IimI* 
ed it to the tenn>erature, as indicated by a delicM 
thermometer, ofiOOO : he then look another ponOA 
heated to 100°, and, mixing the two together m 
proper precautto&s, he found that the thermomMC 
plnnged into the mixture indicated a temperaMI 
of 1Q(P, or the exact mean ; as it should have tWM 
according to the hypothesis. 

6 115. The expansion of aoUda is equally appU- 
cable with that of aeriform and liquid bodies to liie 
measurement of temperature; but as it is smalk* 
than that of matter in its two other stales, and cm 
only conveniently be measured linearly, and n""^ 
volume, it is by nice mechanical adjuatmeats Ih 
that it can be rendered avulable to toe pnrpo— ft..^ , 
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a compound bar be formed by accurately adjusting 
and screwing together equal plates of two metals, 
whose expansions differ considerably, such as iron 
and brass, and one of its ends be fixed to some 
support, upon the application of heat it will bend, 
the least expansible metal becoming concave : if, on 
the contrary, the temperature be lowered below that 
at which the adjustment is made, the greater con- 
traction of the brass will cause the iron to become 
convex. Upon this principle a very sensible ther- 
mometer has been constructed by M. Breguet. It 
consists of a very thin riband of platinum, plated 
with silver, and coiled into the form of a helix: 
one end of this compound plate is fixed to an up- 
right support, and to the other a delicate index is 
attached, moving over a graduated circle. As the 
temperature to which this instrument is exposed 
varies, the spiral twists or untwists, and carries the 
index round the circle, the degrees of which meas- 
cure equal amounts of the contraction or expansion. 
The value of the degrees may be fixed by compari- 
son with a standard thermometer of the usual con- 
atmction. 

^ 116. The use of th« mercurial thermometer is 
limited to temperatures below that at which quick- 
ailver boils, or to about 600^ ; \ and a method of 
measuring the high temperatui;es ^ of ignition at 
-which many of the processes of the arts are carried 
on having been long a desideratum' qif: science, va- 
rious methods have been proposed to ' supply the 
deficiency. The most celebrated pyrometer is that 
of Mr. Wedgwood. It consists of a metallic groove 
or gauge, the sides of which gradually converge ; 
pieces of very pure clay are made into small cylin- 
ders, having one side flattened ; and, being heated 
to redness, they are made just to fit the larger ex- 
tremity of the groove. It is a property of clay, 
permanently to contract and become harder by ex- 
posuTQ ^ a high temperature : not that this cotXxAC- 



108 daniell's pyrometir. 

tion is an exception to the general law of expan- 
sion by heat, but is owing to a change in the chym- 
ical constitution of the earth, which loses a portion 
of the water with which it is combined, and it was 
supposed that the amount was exactly proportioned 
to the intensity of the heat to which it is exposed. 
The amount of contraction in the clay cylinders, 
after being exposed to the temperature which it was 
desired to measure, was easily determined by allow- 
ing them to sUde from the top of the groove down- 
ward, till they arrived at a point beyond which 
they would not pass. Mr. Wedgwood divided the 
whole length of this gauge into 240 parts or degrees, 
each of which he calculated to be equal to 13(K> of 
Fahrenheit's scale ; and the Zero of his scale, indi- 
cating a red heat, corresponded, according to his 
experiments, to 1077o. 

The difficulty of obtaining clay of uniform com- 
position is of itself an almost insuperable objection 
to this method of estimating high temperatures; 
and it has been since ascertained, that the observa- 
tion upon which it is founded is not correct ; for 
clay will contract as much by the long continuance 
of a comparatively low heat as by a short continu- 
ance of a high one. Hence the degrees of beat 
which Wedgwood's pyrometer has been applied to 
measure, have been enormously exaggerated. 

§ 117. The problem, however, may be easily 
solved by the accurate measurement of the linear 
expansion of bars of metal in a pyrometer which 
was invented by the author, and called by him the 
Register Pyrometer, 

It consists of two parts, which may be distin- 
guished as the register and the scale. The register 
is a solid bar of blacklead earthenware, highly 
baked. In this a hole is drilled, into which a bur 
of any metal, six inches long, may be dropped, and 
which will then rest upon its solid end. A cylin- 
drical piece of porcelam, called the index, is then 
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pliced upon the top of the bar, and confined in its 
place by a ring or strap of platinum passing round 
the top of the register, which is partly cut away at 
the top, and tightened by a wedge of porcelain. 
When such an arrangement is exposed to a high 
temperature, it is obvious that the expansion of the 
metallic bar will force the index forward to the 
amowit of the excess of its expansion over that of 
the blacklead, and that, when again cooled, it will 
be left at the point of greatest elongation. What is 
now required is the measurement of the distance 
which die index has been thrust forward from its 
first position; and this, though in any case but 
small, may be effected with great precision by 
means of the scale. 

This is independent of the register, and consists 
of two rules of brass, accurately joined together at 
a right angle by their edges, and fitting square upon 
two sides of the blacklead bar. At one end of this 
doable rule a small plate of brass projects at a right 
angle, which may be brought down upon the shoul- 
der of the register, formed by the notch cut away 
for the reception of the index. A moveable arm is 
attached upon this frame, turning at its fixed ex- 
tremity upon a centre, and at its other carrying an 
arc of a circle, whose radius is exactly five inches, 
accurately divided into degrees and thirds of a de- 
gree. Upon this arm, at the centre of the circle, 
another lighter arm is made to turn, one end of 
which carries a nonius with it, which moves upon 
the face of the arc, and subdivides the former grad- 
uation into minutes of a degree ; the other end 
crosses the centre, and terminates in an obtuse 
steel point, turned inward at a right angle. 

When an observation is to be made, a bar of pla- 
tinum or malleable iron is placed in the cavity of 
the register, the index is to be pressed down upon 
ittand firmly fixed in its place by the platinum strap 
aud porcelaun wedge. The scale is then to be ap- 
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plied by carefully adjusting the brass mle to fht 
sides of the register, and nxing it by pressing fhs 
crosspiece upon the shoulder, and placing the move- 
able arm, so that the steel point of the radius may 
drop into a small cavity made for its receptioo, and 
coinciding with the axis of the metallic bar. The. 
minute of the degree must then be noted, which the 
nonius indicates upon the arc. A similar obserra- 
tion must be made after the register has been ex- 
posed to the increased temperature which it is de- 
signed to measure, and again cooled, and it will be 
found that the nonius has been moved ibrward a 
certain number of degrees or minutes. (24) The 
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(24) 1. Represents the re^ster; x is the bar of blacklead; 
a a the cavity for the reception of the metal bar ; c c is the in^ 
dex, or cylindrical piece of porcelain ; d the platinum bsndf 
with its wedge, e, 

2. Is the scale by which the expansion is measured ; //is 
the greater rule, up<»i which the smaller, g, is fixed square. Tlit 
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scale of this pyroEie-*- :- r-t. - • 
that of the ihefmocr.-: - .• :• • 
ia boiling mercury, v :...-- -• — • 
itant as that of :»: ..: ; v . -. „ 
Borately deterit::.-! : : : - 
imount of exparii..: . - . . 
grees is thus c^ritrz..:---- — .- • 
expansions may :>*: '..•:.- .-:'•: z. ^ 

\ 118. The t::. ..'-:. - - 

theseexpan^i::.& a:.: '. •;. -. . :.- 
opposing for*-*: :lc . - 
enormous. S:»:b*: _r:: •. . - . - 
18 understood :ll: . . ...... 

which woui 2 :^ iir : rr >• , - . • , . 
in stretching :.r '-:■::.:••:?• j: .:- 
they take pisic-*: '.lu- -_ •- . - 
increase us l*::ir.i i. -.'.- -.• u 
and quiet pr:»:rs^ *:.- ' . . • - . 
stade by »L»:i r :L'.* *• i.-- . - 
equal to i!i'&: »i--L %- , - j-.. s-: 
length by oiLir-r-- : . - - .^. 
withdraw:r.g ::t ;.-... 
power in r-.v^r^'^i . . . — ..- 

Such a :':::r c- „ :■.,... . 
to a raritrtv :.' ■.- - . -. . - 

reeled. ariC :: :- ,, 

construe:. v-a :. „-, i -.. .. 
against. 

The wr.rr'.vr.i:; . - 
the iron -.si*:, v: -. - 
wheel a I.;:.*: •.::.!..-• • , 
fellies, ai: il*:. •:.; : 
to the \r&.'J:z -ft --..--» c- ■ ., ." 

projectrr.? trr. ». .» v-' ..<• n ::■• . 
plaiiRUiL jfcrr. s : . .^ . 
arc of x:.e ^-"..^ '.z.^'. - - . 
centre, i. c a :.-. ,-'->• .^ 
upon the c*v."* k > ,. ; > .-.-.. ^ ^ ..^ 
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throwing water upon it, and the contraction Innds 
the whole together with enormous force. Upon 
the same principle the cooper heats the iron hoops 
of his casks, and firmly draws the staves together 
by cooling them in their places. The plates of the 
boilers of steam-engines are riveted together with 
hot rivets, which, when cool, draw them toge&er 
and render their junction perfectly compact. 

M . Molard, by an application of the same force, 
ingeniously restored the equilibrium of a buiidinff 
in Paris, the walls of which had passed outwaid 
by the incumbent weight. He introduced several 
strong iron bars through holes in the opposite walls, 
and screwed strong plates, or washers, as they are 
called, on the projecting ends, so as to bear tightly 
upon the walls. The bars were then heated lly 
lamps, and consequently lengthened ; in this state 
the washers were again screwed up, and, when the 
bars were allowed to cool, they contracted and drew 
the walls together to a small amount ; a repetition 
of the same process gradually and safely effected 
the purpose. 

The same process has been since applied in the 
restoration of the Cathedral at Armagh. 

^ 119. Experience has taught engineers that it is 
dangerous to attempt to confine such a force as this, 
and that it is necessary to make provision for these 
expansions*and contractions, particularly in the me- 
tallic constructions which are now so common. In 
iron pipes for the conveyance of gas and water, when 
the lengths are very considerable, some of the junc- 
tions are rendered moveable ; so that, by the end of 
one pipe sliding into, that of another, the accidentid 
changes due to temperature are provided for. 

The arches of the South wark iron bridge rise and 
fall about an inch in the usual range of atmospheric 
temperature, and, if provision had not been made 
for this, destructive consequences must have en- 
sued. 
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The steeple of Bow Church has within these few 
years been nearly thrown down by the alternate 
expansion and contraction of some rods of iron 
which were built into it to give it stability. The 
rods in hot weather lengthened, and lifted the in- 
cnrobent mass of masonry ; they returned in cold 
weather to their former dimensions, leaving the 
Btones upraised ; dust and small particles of matter 
■made their way into the cracks thus produced ; the 
rods again leugthened, and lifted the mass a little 
higher ; tiU, by numberless repetitions of this slow 
but irresistible operation, the fabric was shaken to 
its foundation. 

Even in the shoeing of a horse, injurious conse- 
quences will follow from neglect or ignorance of 
uiis principle. If a horseshoe be applied in a heat- 
ed state, tne hoof will certainly be injured by its 
subsequent contraction. 

^ 120. A singular circumstance, accompanying 
the contraction of metal during great degrees of 
cold, was observed in some of the expeditions to 
the arctic regions, viz., that the astronomical instru- 
ments did not always, at once, take the adjustment 
due to the temperature to which they were exposed ; 
but, upon concussion, they contracted suddenly to 
the regular amount. 

^ 131. We have already noticed the greater ex- 
pansion of liquids than of solids for equal incre- 
ments of temperature, and the various amounts in 
different species. These expansions are generally 
regular, except when they are near their boiling or 
their freezing points. Near the higher point, their 
expansibility increases rapidly for equal increments, 
while considerable anomalies have been observed 
near the lower. 

It has been stated (^ 19) that the law of expan- 
sion by heat and contraction by cold is all but uni- 
versal ; there is but one real exception to it known, 
and this occurs in water. It has been established 

K2 
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by the most careful and decisive experiments, that 
water not only expands as we have noticed (^ 77) 
when passing from the liquid to the solid state ; in 
the moment, that is, when its particles are taking up 
a new and regular arrangement under the prevailing 
force of cohesion ; but increases its volume in the 
act of cooling some time before it reaches its 
freezing-point. The expansion commences when 
the temperature is reduced to about 40^ of Fahren- 
heit, or eight degrees above the point of congelsr 
tion, and it increases in an increasing ratio untfl the 
liquid solidifies. 

The observation is easily made by means of two 
equal thermometers, the one filled with water and 
the other with spirit. When placed in melting ice, 
the latter will gradually fall to the freezing-point, 
while the former will descend to about 40^, and then 
begin to rise. 

§ 122. From the alteration of volume which bod- 
ies universally undergo from changes of tempera- 
ture, the necessity of attending to this circumstance 
in taking specific gravities will now be readily un- 
derstood. These consisting of the weights of equal 
bulks of different kinds of matter compared with 
water, it is necessary that the temperature of the 
standard, and of the bodies with which jt is com- 
pared, should be the same. The temperature of 
6(P has been adopted in England -as a mean, which 
is most easily ensured in all situations and in all 
seasons ; but that of 40Q, when water has the great* 
est density, is better. 

From the great dilatation which aeriform matter 
undergoes from increase of temperature, the cor- 
rection of the measured volumes of diflerent kinds 
of air is of the highest importance. It results from 
the accurate experiments of Dr. Dalton and M. 
Gay Lussac, that all experience equal enpansions 
by the same augmentation of temperature, and that 
100 parts of air at 32^, being heated to 213Q, expand 
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» 137.5 parts : the increase beiaf 3T.5-:(K»:t j:' :» 
)riginal bulk. 

Dividing this by 180. we £dc ::/&- i -..l::.* it.- 
iilaies l-480ih of the volurL*: »:.:'.: : j : -' a 
J20 for every degree of J cLrt :.:.►: . -- '..'*. 
jniversality of this law. -« •«::.-..t: •.:••-- - ••: 
3f elastic matter, not ;:. c'.l.s.:* v..: i - . . . 
has been proved by ex:-r.::.t: • v ..:-...• s. - 
the most opposite ci:?i.:t-?-*. *'.•- ^r: „'..':- 
perature extending fr-n '.:-. '•— 'Z.-j-: .._. . » - - 
to the boiling- point of • . .-i.- . • ••• 

^ 123. One of :h*r ii.-.' .::: '.c :--.-^ - 
heat — for the acc-rvt i: ::•..... 

are indebted to tr.r i-rr:. :. • -- 

be rudely estimate 1 :;•:-•--- . . — . 

dencylo an equil :.f-- .: •- . 

or thirty subsur.'.r-.. :-.'♦-.. ■. .•- 

qually heated, w... ti-.r: ; -•.- . • 

temperature in c •' . i •• : - -. . 

is established by -.r-** : ;-'.-- . . . .. i 

•and laws of w:..'.i - ::.:. . .- . . ,-. .- . , _ 

quire. 



\ 124. If w^ t-sjc \ -.■' ' : :.- . 
in the flame c: i r-.?:. ♦ • ;^- . t 
disagreeable *e:.*s. .- --... ^ ^ . ., 
hot extremity.* v * •-- 
fingers: but .: tr .--.-:* -. :•.- ... . 

in the sani*r -...-. .-. • .-<:. 
many tiroes •-* : .•.--.-■* 
long before i-y ^<.r -•*?•--. ^ r-r 
by which :'.*: z.-.i: .: \ :■--.- . . ^ 
called CV/r^c _::::-. I' :„:.-, - 
without cr:*:.?.-.* -.•*--:-:.- . .• 
cent partii".*:-- '.'*:*.>»' • ..i 

follows: If -..-.^ *:•*:;•; , .- , 

placed in coniT.--.-^...'.n » ::: i •.- -.i-.^. 
heat, and we w^;: -ilI r mh -asi.*-: ir* * >5- 
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state of iea^penUwre, we abttVL tiid,>tluit At 
tances from the source taken in aiithpsliM^ 
gression, the excess of tnmpnrstum shoT><||^ 
rouading mediom will fonn afoomitticflfm 
sion. v.<^ 

The property ▼ariesTery mnqli in flHTmiMtli 
and from the above experiment we oonanMi 
the charcoal is a bad conductor* and tbs wive^i 
conductor of heat It may be longUir atnteA 
the most dense bodies possess the pmier^l 
greatest proportion. Thus metals aie tbe m^ 
ductors; next stones; next hard woode»eqdei 

Tabub Vn.— Q^ ConiseltM. . . ,T-! 

GoU ISOe A,A 

Marble • • • • • VfA-v 

Pofcelain .... ISt;^ ., 

FineChqr .... IIA'^" 

Diamonds and other gems are much betttr' 
ductors of heat than glass, and thus may beiJj 
guished from it by contact with the lips, wMf 
general, are very sensible to changes of teq| 
ture. The former substances will feel oool'i 
compared with the latter. 

Metals themselves vary very much in thete 
ducting power, so that if equal bars of sil^ 
platinum be each held by one of their extren 
while the others are in contact with flame» ||E| 
mer will bum us while the latter will feel sop 
warm. The following table ei^bits the coagS 
powers of different metals compared with gold 

Table VIIL— Of Conduction of MeUOt. 

. . a 

. . a 

a 

. . 1 

^ 125. We have already noticed the vaguene 
any estimation of temperatures by compariiig 



Gold 


1000 


Iron . 


Silver 


973 


Zinc. 


Copper 


896^ 


Tin . 


PlatuHim . 


381 


Lend 
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wiCh our own sensation; the different condacting 
powers of substances will discover a new source 
of erroneous judgment from this test. In a room 
of uniform temperature, all the different inanimate 
mibstances may be of equal temperature ; but if we 
touch substances of different densities and natures, 
Terr different sensations will be produced by them : 
a piece of metal will feel much colder than marble, 
•tone, or class; and these, again, colder than a 
wooden tsu)le or a book. The reason is obvious ; 
each of these substances, although they would af- 
fect a thermometer equally, has a different conduct- 
ing power; and that which is the best conductor 
wOl carry off heat from our bodies with the great- 
est rapidity, and, therefore, will produce in us the 
greatest sensation of cold. 

^ 126. Many useful contrivances for the conve- 
nient management of hot bodies are dependant 
upon the differences of this property; as when a 
wooden handle is applied to protect the hand from 
a hot teakettle, or the handle of a silver tc^apot 
is insulated from the body by the interposition of 
small plates of ivory, which effectually prevent the 
conduction of heat to any inconvenient extent. 

By breaking the cohesion of solids, their conduct- 
ing power may be very much decreased ; and on this 
account, by placing a layer of sand upon the hand, 
and carefully screening the surrounding parts, a red- 
bot iron bsdl may be supported without inconve- 
nience. At the siege of Gibraltar, red-hot balls 
were carried to the batteries in wheelbarrows cov- 
ered with sand. 

^ 127. Liquids conduct heat with such difficulty, 
that it has been doubted by some philosophers 
whether they be not destitute of this power. From 
the facility, however, with which they acquire heat 
under particular circumstances, it might be hastily 
concluded that they possess it in an eminent de- 
gree : but this facility depends upon another prop- 



lid 

«iiT, which we duU praMnt^. ennnuw. . tlw |Wb 
perfection of thia property in liqaidB our he fMmA 
by a rery siinple and eaay expenmeni. If we wwt 
ly fill a glaas tuba, fiiiir or five inchea in lengtb, Wl)l, 
water, ^d heu tba upper part in a spirit-lutip, m. 
may cauae tha water to boil npon the aur£wa, ^jm* 
we hold the tuba in the hand without the wt'~' 



the heat downward. It may be pioTod with ge«Bfc 

preciaioD byplaciiw an aii^thnrnometerina^ifK 
jar, sod filling the latter with water, so aa to vvmt. 
the bulb with a layer of the liquid, not man (hqt 
the tenth of an inch in depth. Oil of Uie temp^B^ 
ture of 400O may now be carefnUy ponied apoa ito 
surface ; or a capenla of inflamed aihar naj ^ 
floated niion it without affecting the llwiiiiwini 
ter.(afi} Thia heat, however, will ultima!^ bepoBh' 
ducted down the Kwd aidea of the containing Teiarik 
and the iatwferenee of thia operation renden.it; 
difficult to make very accurate obserrationa opo* 
the ed>Ject ; but it hsa, nevarthelesB, been profM 
t^ very delicate and ingenioas ezparimenta, thit^ 
-liquida do conduct beat, and differences in the p«mi' 
have even been detected in difi'erent liquids : mar* 
cury, for instance, being a 
better conductor than watery 
and water than oiL 

^ 186. The difficulty of d»r 
termining tha power of cam^ 
ductioQ in aeriform bodiea Im 
still greater than in liqnidar 
It has never yet been provaA ~ 
that thev are capable of con- 
ducting neat at all ; and cook' 
moa experience even may 

(25). 
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ice ns that they are very bad conducton. A 
imple experiment may afford a rough esti- 
of the comparative powers of conduction in 
iree 'classes of solid, liquid, and aeriform 
Metals heated to 12(P will severely burn a 
)laced upon them, owing to the facility with 

the heat will travel towards it; water will 
lid, provided the hand be kept without motion 
ill it reaches the temperature of I6O0, while 
Qtact of air may be endured at 300o. A thin 
of either the liquid or air is cooled by the 
t, through which the heat of the adjacent 
es travels with great difficulty; but if the 
e briskly moved about, and brought into con- 
ith fresh particles, the water will be intoler- 
. a much lower temperature. 
re is an experiment upon record, in the Phil- 
cal Transactions, by Sir Joseph Banks and 
, who ventured into a room heated to 260^, 
miained there a considerable time without 
I inconvenience : and in several processes of 
8 it is necessary for workmen to enter stoves 

as high even as SOQo, from which no inju- 
ffects follow. Under such circumstances, all 
t with metallic substances must be carefully 
i, or severe injury would be sustained. The 
iroperty of non-conduction also preserves the 
1 the opposite extreme of temperature ; and 
e voyages to the arctic regions prove that a 
— 590, or 140 below that of freezing mercury, 
) sustained without injury, provided the at- 
ere be still; but if there be any wind, the 
sive contact of fresh particles, even at much 

temperature, will abstract heat with suffi* 
ipidity to freeze the extremities. 
). The bad conducting power of the vapour 
ids is strikingly proved by heating a bright 
), or crucible of platinum or silver, to nearly 
) heaty and then throwing into it a few drops 
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of water. TheMqnidwillbecoQaotecluilotilMii 
of a flattened sphere, under the force of c 
and will roll about upon its aids to differmi^ 
the heated surface without wetting it, ^mag 
from contact by an intervening ato^osphere qX 
pour. Under these circumstances it wili. i49l 
evaporate, but will never reach its boiling peiiitK*^^ 
the temperature, however, of the metaibe aUv 
to fall, the liquid will come into contact withl^ 
will be converted into vapour with, almost 
violence. 

The same phenomena are produced ^itii 
and heated iron; and another curioas ~ 
the anticipation of science by common 
is afforded by the test which laundresses .Wpplj^jp 
ascertain the proper temperature of thetir tTMiiti|b 
ing-irons. When a drop of moisture, eatsmpS 
neously applied, rolls off the iron in a ff1ii!ni1S|iH 
know that it is sufficiently hot ; but whea ItaAmip 
and boils, it is returned to the stove. j^ 

^ 130. Many useful applications are daily ^|P 
of these principles to the purposes of coiiv« ' 
and of the arts. We put double doors, endi 
body of air, to our furnaces, to prevent t 
from being conducted outward ; ani we deal 
our icehouses to prevent it from bein|^ 
inward. We act upon the same expenence 
selection of proper substances for clot 
serve our animal warmth : and articles of 
warm in proportion to the quantity of air 
they contain m their texture ; furs, feathers, 
and down, retard the passage of heat in this ifw 
and, for the same reason, snow preserves the ws^lpi 
of the earth in frosty weather. 

Count Rum ford measured the relative cond 

Eower of different materials employed for ok. 
y enveloping a thermometer in a glass cylu, 
blown into a ball at its extremity, and filling lbs 
terstices with the substance to be examinsAif 



Rawiilk . 


19»^ 


Beaven*Far 


1980 


Eidtrdown 


. 1306 


HsTM'itir • 


1315 



Itlei tte mppttnUm in boiling wtter, and then 
HiBiferrBd it into meltinf ice, and obaenred the 
Buniber of aeoonds which elapaed daring the paa- 
apge of the thermometer through 136 de^reea. 

Air aioiw wwilf ed S7ff 
Ual ... loss 
Ootmwool 1046 

abMp^WOQl • 1118 

Tbe imerring Wiadom which proTidentiallj pre- 
aidea over the order of nature, chanaea the clothing 
of nuuTf animala aa the aeaaona chanffe : hair, at 
tlie apomch of winter, being changed into wool, 
wbA feathera into down. 

•COHTBOTIOH OF HbAT. 

^ ISl. Brery one ia aware that, notwithatanding 
ibip diiBealty with which beat travela through liquia 
and aeriform matter by the proceaa of coMuction, 
Ibat ia^ without diaturbing the relative position of ad- 
Jaeeot imrticlea, both claaaea of bodiea apeedilj be- 
oone liaated, and that e()uilibrium of temperature 
is bfougltit about which it ia alwaya the tendency 
of beat to operate and maintain. Thia ia effected 
b^prooeaaea of circulation, or rapid change in the 
inrtive position <^ adjacent paiticlea, and ^e pro- 
oaaa haabeen anpropriately termed Convection. 
vWhen a liquid ia heated, we have aeen that it 
fHptniTt and, of course, becomea lighter; from ita 
fMH mobility, the heated and lighter partidea riae 
to the aurface of the masa, and a new portion 
eOKaa into contact with the aource of heat, rises in 
ta torn, and ao ^e whole ia brought successively 
Older its influence, and the motion win continue as 
long as heat continues to be thus communicated. 
The rapidity with which heat ia thua conveyed ia 
mtSij itlnatrated by the aimple uuMuratua of the 
water in the glass tube (f 197). If; instead of ap- 
^tfiog the flame of .the apirit-lamp to the surface 
cf the Uquid, it..be appliad to the,bottom, Oie whole 

Ia 
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mass ipeMHy sttiios Ae bogfatf l « Bi panl> m » , '1li| 
becomM intolaraUa to the b*nd. Trie ooanri'Vl 
the comais by which the MKuhtfon m maiMttttt 
is easily nndered nrible by mapta^ti^ twrnt HfK 
powder, of about the some spvcific gnnty, in wa&r, 
ID a gUiw fladu(W) The toon a liquid ia nqpaMlH 
by a giren chai>g« of temjpemtare, Ute gntim^M 
H the dilbreoce of specific giartty M>tttMfi"'lM 
part which ie faratad ud th* nat of tlM nnii'M 
the more rapid, tfaetefnre, will be tta liiiiirtiMiH 
Aom the change, rtnytnnarity nnd riamiiiljiiljn 



stances, it parts with acquired heat Teryalo^idti 
many a person, however, has bnmed hia monUl wra 



hot pomdge, and eipreseed his sorpriM at thi iImt^ 
' "■'iwutWigrtl ' ''■ 



nesB with which it eoola, withoat neing AI«M MJ 



■ign the philoeophjcal reason of the pheBOOMwrib 






dicnlstion of heated water ia now mmaKHBif 

— and adrantBgeoasly applied u s nit, 

economical, uid regglar means of mM) 



cfedd^ 



and in this class of bodies tba e. 

rium of heat is m^ntained by a droA" 
tton of the most perfect kind. Af^tae 
who has ofaeeirea " the moats in m' ko^ 
beam," mnst have remarked by tMt 






llw dlraetlDD of the 



ouuitily of lioDid deaemidiiw towanh IM diMn» 
tsreiKB. iftbabeatbatunttedeqaBllrnMiwtths 

fli I ■ ] ndea of tha tmmI, Um diractiui of tba cunnla ' 
Bi 1 1 , will be rcTsned. TIlb nutioD of tba putKlss at 
xiTlJiiar ^^' powder beetme tbtj mpid, ud tba wi|h li 
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modoiit in almost every direction, the rapidity with 
which the ascending and descending currents of 
the air upon which they are borne intermingle; 
and upon looking across a heated body, as a chim- 
ney or a hot poker, the ascent of the heated column 
of air may clearly be detected. 

The force with which it rises is indicated by the 
steady and tapering form of the flame of a candle, 
which consists of aeriform matter in a state of ig- 
nition. This heated current generally ascends per- 
pendicularly in the surrounding cool medium, but 
may be diverted from its course by holding oyer it 
a lonff tube, in the axis of which it will flow, though 
greatly inclined from the perpendicular. The flame 
of a gas-burner may even be directed downward by 
connecting it with the shorter arm of a tube, bent 
twice, at right angles. The longer arm must have 
the air within it rarefied, by burning a little spirit 
of wine in a sponge, when an ascending current will 
be established, which will draw down the ignited 
gaa, the heat of which will afterward maintain the 
draught in the chimney. 

( 133. The expansive and ascensional force of a 
body of hot air may also be illustrated by confining it 
in a bag of any Ught material, such as tissue paper. 
If the aperture of such a bag be held over the flame 
of a piece of sponge, steeped in spirit of wine, it 
will become distended and ascend in the air. Such 
was the power which Montgolfier first applied to 
the construction of a balloon, and in dependance 
upon this principle Pilatre de Rosier first committed 
himself to float upon the atmosphere. 

^ 134. Some very interesting properties of aerial 
currents may be illustrated by placing a lighted ta- 
per in a flat dish, and covering it with a bell-glass, 
with a long chimney immediately over the flame. 
If a little water be placed round the edge of the 
glass in the dish, the air will be prevented from 
entering it, and the flame will speedily be extin- 



guished for wmnt of a IMh sumdf . If^ 
the taper be a^D lighted, and toe chimiley of ttfti 
bell-glaas be divided into two channela by a dia- 
phragm down the middle, and it be again iilirat 
over the taper, it will continue to barn for any Itm^Uff 
of time. The heated and light partidea of tlia.a|i# 
which tended to aaeend in the tube in the tonif 
arrangement, but were impeded by the €tfaamtl0 
tendency of the cold particlea to descend, wifi fm^- 
out by an ascending current on one aide of Una 4mk 
phra^m, .while a contrary current of ft-eah air.ipil 
contmualljr compensate them on the other ai4tf 
the direction of these currents ia readily fondainil 
visible, by mingling some cloudy or smoky ao^. 
stance with the descending current. This sapawsi 
tion of contrary currents is of considerable iiBiB' 
tance in. the ventilation of mines, and many Map 
shafts are divided by boarded partitiona, to tmam 
the descent of fresh air upon this princijp^a. i>. 

We are indebted to the expansion of air for Ite 
ventilation of our rooms and tor the ascending ca»r 
rents in our chimneys, by which our fires are makh 
tained. If we hold the flame of a candle to tka 
upper part of a door opening into a heated 
we shful not fail to find, by the direction in \ 
is bent, that a current of light heated air 
outward ; while, by lowering it to near the bbttoflk 
we shall be able to detect a counter-current :» 
denser cold air rushing inward with equal veloeifap^ 

The knowledge of these principles, it cannot w 
denied, ought to have led to a more perfect systi^a 
of ventilation than is commonly adopted in am. 
public buildings, where crowds assemble for bwlU 
ness or for pleasure ; but this, unhappily, is not fkm 
only instance in which indolence prefers the welW 
beaten road of routine practice to the more laboh 
nous paths which better knowledge would poitft 
out. 

^135 TheconvecticMiof heatisaproceaaof tte 
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tttmost conBeqnence also in some of the grand op. 
erations of nature ; and it is principally by the cir- 
ealaiion of fluids, elastic and non-elastic, of which 
their perfect mobility renders them susceptible, that 
the distribution of temperature over the earth is 
regulated, and those great inequalities guarded 
against, which would certainly result from the heat- 
ing: of Che solid strata alone. Thus the atmosphere 
with which the globe is surrounded, moderates the 
extremes of temperatures both in the arctic and 
equatorial regions. When the surface becomes 
heated by the direct rays of the vertical sun, the 
stratum of air reposing on it is rarefied and ascends ; 
its place is supplied by the denser air pressing in 
from the colder parallels, and by a constant succes- 
sion of these operations the heat is moderated, 
which would otherwise become intense. The con- 
stant current of the trade-winds owes its primary 
impolse and direction to this cause. The constant- 
Jy-ascending warm air, in its effort to maintain that 
equilibrium and equality of pressure which results 
from the laws of hydrostatics, must flow over to- 
wuids the colder climates, and carry with it the 
heat with which it is charged, and thereby mitigate 
the extremes of cold. Currents from the poles and 
the equator upon the surface of the earth, and op- 
posite currents from the equator to the poles, in 
the upper regions of the atmosphere, will therefore 
constantly exist, although their directions may be 
variously modified by inequalities upon the earth's 
surface, and other disturbing influences. The 
coarse of these grand compensating currents has 
often been traced by accidental circumstances. 
Some years ago, during an eruption of a volcano in 
the island of St. Vincent, in the West Indies, it was 
observed that the ashes were carried against the 
coarse of the winds : i, «., against the course of the 
corrent upon the surface of the earth. The force 
of the en>loaion, or the ascensional force of the 

L2 
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ascmidiiif cohmiti of healed air had. Ill flMty aaiM 
them into the vif^r stream, whii^ was flowiB| la 
the contrary direction. Tboee alao who havo flMli 
the ascent of the Peak of TenerilTe, ha^e eoaataai^ 
\j obeerved the wind blowing in the eontrarr dira#> 
tion on the summit, to that which prevailed at tt* 
foot of that monntain. 

$ IM. Water is not less useful in this roapiolia 
the economy of natnre. When a current of dSli 
air passes over the surface of a large colleelio»irf 
water, it abstracts from it a quantity of heat; tl|a 
specific gravity of the water is thereby inoreasa^li 
and the cooled portion sinlcs. Its descent fa ro ai i a 
a portion of warmer water to the surface, wlpkp 
again communicates heat to the air passing ovev^. 
and this process may be continued for a eoaniHm 
able time, proportioned to the depth of Um iMMv 
Currents are also formed in the ocean aliiiiiar'li' 
those in the elastic atmosphere. The water iHwril 
descends, when unobstructed, must spread at fim 
bottom of the sea, and the denser water of. oookr 
latitudes will flow towards the equator, and prodne* 
compensating currents upon the surface in Qpp9» 
site directions ; and thus the ocean again tends tm 
moderate the excessive heat of the torrid sone, H^ 
well as the intense cold of the polar climates. TW 
Gulf Stream, as it is named, is an example of this, 
action. This great current sets across the Atlantii' 
from the coast of Africa, and, being deflected finm' 
the shores of the Gulf of Mexico, is carried nortk^ 
ward to the banks of Newfoundland, in the n^ohti' 
bearing latitudes of which it may generally be ds<^ 
tected by its eff'ects upon the thermometer. Aa- 
immense volume of warm water is thus transportii^ 
to the cold regions of the north, where it cannot bcT 
have a considerable influence upon the climate. It' 
is probable that the temperature of the westeiiy* 
winds of our own island in winter is mudi in* 
fluenced by this cause. 
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( 137. And here we most not fail to obeenre the 
important and beneficial purpose effected by that 
aJngnlar exception to the general law of expansion 
by heat, which fixes the point of greatest density in 
water nearly eight degrees above its point of con- 
gelation (^ 131). When the whole mass of accu- 
malated fluid, such as that in a deep lake, has 6een 
cooled down to the temperature of 40^ by the per- 
pendicolar circulation which we have just con- 
ndered, the yertical moyement ceases, and the sur- 
lace water becoming Ughter as the temperature 
iuther falls, soon sets into a sheet of ice. The 
■ab|acem water is preserved from the farther influ- 
eiwe of the cold by the cessation of the circulation, 
and its almost perfect non-conducting power. If, 
like mercory, oil, and other Uquids, its density went 
OD angmenting to its freezing-point, the cold air 
would continue to rob the masses of its heat till the 
whole sank to 32^, and it would suddenly set into a 
•olid rock of ice, and every living animal within it 
would perish. In these climates a lake so frozen 
could never again be liquefied ; for the process of 
thawing necessarily beginning above, the heated 
and light water would lie upon the surface, and ef- 
fectually prevent the convection of heat to the 
lower strata. 

This observation is, however, only fully applica- 
Ue to accumulations of fresh water : for the waters 
of the ** great deep," another protection has been 
pnmded. Saline matter in solution in water, it has 
been ascertamed, lowers both the point of freezing 
and the point of maximum density. The ocean, on 
that account, and because of its great depth, which 
lenders it an almost inexhaustible store of heat, 
nsista freezing still more effectually than the deep- 
est natural reservoirs of fresh water, and is scarcely 
luMwn to freeze, except in latitudes where the most 
intense cold prevails. Even then, it is the watery 
lea alone which congeal, to the exclnaion of 
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the saline, which, increasing the density of the 
lower strata, arrest their circnlation, and thus pre- 
serve them from the saperficial cold. 

Heat or Compositioit. 

^ 138. Heat and Temperature we have hitherto 
used as nearly synonymous terms, and all the ef- 
fects of the subtle force, to which we hare been 
directing our attention, have been accompanied by 
its free development, and have been measured l^ 
our sensations, and by the thermometer and pyrom- 
eter. We have now to trace it, entering, as it were, 
into the composition of bodies, losing its character 
of temperature, and becoming latent to our instru- 
ments and our feelings. 

Equal volumes of the same liquid, at different 
temperatures, afford, upon mixture, the mean tem- 
perature of the two. A pint of water at 50o, beinff 
mixed with a pint at 100°, a thermometer immersed 
in the mixture will indicate a temperature of 7BP, 
This result has already, indeed, been adduced in 
confirmation of the accuracy of the instrument 
(^ 114). If, however, a measure of quicksilver at 
100^ be agitated with an equal measure of water at 
40O, the resulting temperature of the two will not 
be 70O, or the mean, but l(P lower, or 60^ ; so that 
the quicksilver will lose 40^, whereas the water will 
only gain 2(P: yet the water must contain the 
whole heat which the quicksilver has lost. Hence 
it appears, that water has a greater capacity for heat 
than quicksilver: it requires a larger quantity of 
heat to raise it to a given temperature. The con- 
firmation of this view may be obtained by the con- 
verse of the experiment ; for if a measure of water 
at lOQo be agitated with an equal measure of quick- 
silver at 40O, the resulting temperature will be 80® : 
the water will fall 20° in temperature, but in this 
fall will five out sufficient heat to raise the quick- 
silver 40°. 
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The same comparison may be made by weight, 
nd will lead to the same conclusion. I'hus, if a 
pound of quicksilver at 40^ be agitated with a pound 
of water at 156o, the resulting temperature will be 
1590.3 : the water will lose 3^.7 of temperature, 
bat enough heat will be evolved to raise the metal 
118«.3. Now the proportion of 3o.7 : II20.3, is 
the same as 0.033 : 1 ; hence, adopting water as 
the standard of comparison, we call the specific 
Iwat of quicksilver 0.033, designating by the term 
^peeifie heat the heat peculiar to the species of matter 
compared with the standard 

Again : If a pound of water at lOOo, and the same 
weight of oil at 50o, be mixed together, the result- 
ing temperature will not be the mean 75o. but 830.5 : 
the water, therefore, will lose 16 2-3^, while the oil 
will gain 33 l-3o ; or, reversing the temperatures, the 
mean will be 66 I-30, so that the oil will give out 
S3 I-30, and the water will rise only 16 2-3o. Hence, 
the heat which will raise the temperature of oil 2o, 
will raise an equal weight of water only lo ; and the 
specific heat of oil will therefore be O.50. 

^ 130. This different capacity of different bodies 
for heat must have a considerable influence upon 
their rates of heating or cooling : those which have 
the highest specific heat increasing or diminishing 
their temperatures most slowly under equal circum- 
stances. Thus, if equal quantities of water and 
Quicksilver be placed at equal distances before a 
ore, the metal will be more rapidly heated than the 
water; and again will cool down a certain number 
of degrees more rapidly when exposed in a cold 
place. Conversely, the specific heats of different 
bodies may be determined by carefully observing 
the time in which they cool down a certain number 
of degrees, and comparing them with water under 
similar circumstances. This method is susceptible 
of great accurac}^, and may obviously be applied 
where mixture is impossible. 
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^ 140: A OM iMtlMid of 
heatB wt8 devlMd by MM. Lav<Mtier aad 
who coBtrit«d «ii appwrauui for tho povp 
whieh they gsva the name of Calorimetov. 
instramettl was liaU#, however^ to aooiojn 
olijectioiMi, wtatth hwe Ihulei) its dm. Tk 
ciple QiNm whieh it wa* contracted win 
another fllttstntioii of the nttore of the phi 
iion.(d7} A cemiit weighl of water, for in 
was sunoudtod with ice in a convenent vesi 



(27) The ctlorinieter contirtt €f two duular 
■elt, the QM ooQtaiMd withia the otbei^ ina kept eei 
MBsU pieces of wood. The imenral betwetti the tm 




with ice, broken Bmall, and packed close. By eonati 
newing thia ice, as it nelts by the heat of the atmoaph 
interior vessel will be kept constantly at 'the temperatan 
The water which is formed is removed by a stopcock p 
the lower part of the interval between the two veaeela. 
the interior vessel another still smaller vessel ia au 
f9rmed of iron net, designed to hold the body to be coolei 
interval between this third vessel and the second ia el 
with ice : and the water which this latter produces hi 
flows out of the lateral stopcock into a vesael wUch i 
it, that it may be accurately weighed. 
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in pasBlag firom the temperatare of 213^ to 32o, the 
quantity melted was found to be a pound ; an equal 
weight of oil, in cooling down through the same 
range of temperature, thawed only half a pound : 
and from this experiment we arrive at the same 
conclusion as from mixture and cooling, that the 
specific heat of water being reckoned as lo, that of 
the oil is only O.50. 

The following table exhibits the specific heats of 
▼arions bodies referred to this standard from the 
beet authorities : 

Tabui 

H jdrogen Ghi8 . 
Water 

Aqneovs irapoor 
Alcohol • 

£ther 

on . . . 

Nitrogen Gas . 
Air . 

^ 141. It has been shown, by the careful experi* 
ments of MM. Dulong and Petit, that the specific 
heat of bodies increases as their temperature rises ; 
so that it requires more heat to raise them to a cer- 
tain number of degrees when at a high than when 
at a low temperature. The specific heat of iron, 
for instance, was found as set down in the follow- 
ing table: 

Tablb X. — Specific Heat of Inm. 

From32<*to212<> . . 0.10Q8 

392^ . , , 0.1160 

6720 . , , 0.1218 

6620 . . • 0.1255 

A similar law is maintained in other bodies, aa 
■bown in the following table : 



x.--cy 


Specific Heats. 




3.2936 


Oxygen . • 


0.2361 


1.0000 


Carbonic add . 


0.2210 


0.8470 


Charcoal . 


0.2631 


0.7000 


' Sulphur . 


0.1850 


0.6600 


Iron . 


0.1100 


0.5200 


Mercury . 


OffiUO 


0.2754 


Platioum . 


0.03U 


0.2669 


Gold . . . 
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Tabu XL— iVegiwMHw Spt^fie Bmt. 



0.0330 


OjffMO 


." 


a0037 


aiou 


• 1.' . 


oxNMnr 


OitfiT 


L • ■ 


00657 


OOOli , 


■ 


0.0040 


aiou 


' .».•<•■> 


0X)33ft 


OXttH 




0.1770 


OJOOO 


• ■ " i 



Of Msiciiry 
Zinc 

AntimoDT 
Sihrcr 
Copper 
FIftanQm 
ObM 

^ 149. It if probably from ehangas oifected jii^Ai 

specific heat of bodies, that condenaion or •ppnid4? 
mation of their particles is attended with eloYation 
of temperatare, and dilatation or exptntion with ths 
opposite effect. 

when spirits of wine and water are. mixed tfth 
gether in equal measures, it maybe shown that tha 
bulk of the mixture is less than that of the tWjI- 
Quids in their separate states; and, itt coHseqaeo^ 
the temperature rises so as to become semttiy 
warm to the hand. In the same way, oil of Tilriol 
and water contract on mixture, and so mach,hiMt 
becomes free, that some inflammable subetaoeee 
may be kindled, or water boiled, by its api^catiatt. 
The sudden compression of air by the piston of % 
small syringe, disengaffes heat enough to kindle 
tinder exposed to it : while compressed air, mdde» 
ly allowed to expand, will become so coM ae le. 
condense all the Tapour with which it inay-bi 
mixed in the form of a cloud. If a delicate thsih 
mometer again be suspended in the receiyer of aa 
airpump, it will be found to sink during the proeeai. 
of exhaustion, and the cloud which commonly foTMi 
at the same time is owing to the same absorptioa ' 
of the heat of temperature. 

^ 143. The increased capacity which air reqniiee 
by rarefaction has an important influence in modi- 
fying the temperature of the atmosphere. The air, 
becominff rarer as it ascends, absorbs its own ftee 
heat, and hence becomes cold in proportion as it 



recedes from tfae sozfaoe of 'm «&r:'x.. inm. vni'-L 
it chiefly deriTcs hs iieti, Titt s^j-rrtrt o-yr-t^r.iL 
of teinperatiire hs^ 'iieer f:>uDC .. im biiuu .- i.' 
F^hrenbeii's scsut for efcci. iCH i*--. : :«:' h»'_— u: in 
this constitotion of ib* s.tzi:>*^:iij*'r*. D*?i:- iii .i 

rk, is economized : f^r if. ni^iehc i>' iLue ii^i!;|- 
rbed and laid up- iii s'.^m'*:. :: zmz rf xiMiiii«;c :r<!:^,. 
it would soon hare z^xyjzijt v^^a/tt^'jb.jr'i buc k\y?. 
Other most imporULiii pur;ow;t tr» ti*: *'fS*r'.:,tr :•; 
the progression of Vbmv^m\3n v xu'.a :i.ifr n;* j' 
specific beat has a ifrnc^xjcr i:/ n:<km:^a. ;l vu'.-i 
we shall presentlT adrerL 

^ 144. When matter iind*:iT*>et tiin^ y' :ti% 5r»rti. 
physical changes, from iDe fei./iic v. .ia. irjui^ i&iii 
from the liquid to 'be aerforxL tiit*.^. w^ fiuc a*! 
empUfications of the pheDomei;^ cf i.c:^.. /•ecr: At 
in these transiiions a larg^ Qu&::*.:'.y 'jf ii«;a: it 
absorbed, combined, or fixed, bo. ii ::a^ v;i;r.>b:;A 
changes from the aeriform to liie liqiiid. ^.uz frou. 
the liquid to the solid siau;. beti ifc cf cui. UMm;.t;C 
and becomes sensible. 

It was Dr. Black who, abotzt the resr IT 47. ori- 
ginally investigated the phenomena '<or ;fcU;ir. iiea: 
with singular success, and his r^-bestrcii^rt u'/ot :ii^ 
•object rank among the most aGmincji^ *ft'jrjt fji 
experimental philo»>phy. The *»\m:t\^\i'ju s&ac. ^t 
has been before remarked (^ 110;. pr^srvivubiy t^<^L 
madOiUiat the freezing and boiling of wat^r iijw«\t 
took place at certain fixed temperatures : 6u'. it </<[;. 
cnrred first to Dr. Black to inquire wli^it UiC.>ix*et 
of the heat which, in either case, must keep ooriuu- 
ually flowing into the bodies while the proceb^et 
are maintained. 

Equal weights of water at 32^ and of water &t 
9190 will, as has been before explained, produce o/j 
mixture the mean temperature of VZ^- : but equal 
weiffhts of ice at 32°, and of water at 212^>, ouiy 
produce, after the ice has melted, a temperatur*; of 
O: the water loses 160 degrees of temperature, 
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while the ice iMsqiiires only MP; l40o dtfgietih^f- 

heat are therefore expended in ohanginc ttae iMttf 
of the ice from solid to hqoid^ Dr. daek. Am 
this and similar experiments, drew the cionilii— 
that this portion of heat became latent in the waMTi 
which owes its fluid state to this latest heatt Tlwl 
this heat is not destroyed or annihiltled» wfll i^ 

Sear from considering that water, e xpo ne d It • 
agree of cold far below the freeang-powl^ nil 
gradually part with its excess of tempenMm abiswe 
that of the surrounding bodies, and beeodia ^Mm 
and colder till it reaches the freezing-poisi; b OwM 
not descend below 38^ till the whole has b^piUm 
ice, and yet it must continue yielding np beit tfljii 
same rate as before. There must, tnerelfarei %• 
within it a continued supply of heat to keep k tfNto 
this fixed point : the moment the whole h sotfiisi 
concrete, the temperature will begui to siakf Mi 
will soon reach that of the sorromiding objeoln Md 
medium. 

^ 145. Similar phenomena are obsenrable in sM 
cases of liquefaction ; and we can produce nrlilMal 
cold, often of great intensity, by the rapid mMkm 
of certain saline bodies in water; upon this irin* 
ciple the action of freezing mixtures depends, wMlk 
are often applied economically to the pu i p o ee ei 
cooling be?erage8 in hot climates. The mtmmtii^ 
tion of nitre alone will lower the tempenrtimi of 
water at 50^ to 35o, and four ounces of nitlraieef 
ammonia, with four ounces of carbonate of eod^ 
dissolved in four ounces of water at 60o, will lift 
three hours freeze ten ounceeof water in a motrtliir 
vessel immersed in the mixture while the sotaMm 
is in progress. A mixture of equal parts of MOW^ 
or pounded ice and common salt, wiU nnk the Hm^ 
mometer from ^o to QO, or the point from whieli 
Fahrenheit commenced his thermometrie snel% 
upon the mistaken notion that he had Obtame4 flip 
absolute zero of heat. It is tfew tnixtme wUch m 
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flommonly employed for freezing cream. From the 
npidity with which salt and ice react upon one 
another and produce liquefaction, salt is often 
•trewed upon the pavement of the streets when 
they become incrusted with hardened snow, and it 
is toen easily removed. The thawing of the ice, 
by tba production of a greater degree of cold, might 
appear paradoxical to these who have not properly 
considered the steps of the process. 

A mixture of three parts of muriate of lime and 
two parts of snow will sink the thermometer from 
SBO to — 6fP, a degree of cold sufficiently intense 
to freeie quicksilver. To produce the maximum 
effect, the salts should be newly crystallized, re- 
dnced to a fine powder, and cooled to 32^, and the 
▼essels in which the freezing mixture is made 
should be very thin. The mixture should also be 
made as rapidly as possible. 

One of the most striking modes of illustrating 
the absorption of heat by liquefaction, is by the ac- 
tum of metallic bodies alone : if d07 parts of lead, 
118 of tin, and 384 of bismuth be melted together, 
and reduced to a fine state of division by pouring 
them into water, upon dissolving the alloy in 1617 
puts of quicksilver, a thermometer immersed in 
the mixture will sink from 63 to 14, and water, may 
be froien by the process. 

All liquids remain perfectly fixed at the tempera^ 
tore of their congealing points during the process 
of liquefaction, or as long as any of Uie substance 
remains in the solid form : their temperatures can- 
not rise, because idl the heat to which they may be 
exposed is absorbed and rendered latent. The use 
of this point in water for the graduation of ther- 
mometers we have already noticed (^ 110). 

^ 146* The following is a table of the congealing 
pomts of various bodies, including a range of tem- 
perature from the boiling of water to the freezing 
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Tabu XIL— Qf CMjsmiKiv Pmtt*: 






. Balpharic ether . -^ 40^ 
, Mercury . . — 39 
'. Oil of turpentine . + 14 
; Water . . . — 88 
' Olive oil . . — 86 



AeedetelA 
T>Uow . 
Wax . 
Bnlflnir 



-1 
I 



The fusing or congealing points of metals ji 
liigher ranges of the pyrometer are equa|i|ri 
and the temperature of melting iron or sold w^j 
liable in the heat of the most poweriul winSj 
nace, so long as any of the metal remaiM: ij 
solid state. . .. ,;j. ] 

Tabls Xm. — Congealing PomU of 

Mercary . . — 3d* 
Potassiom . . -)- 136 
Sodiam . . Id4 
Bismuth, lead and > 212 

tm alloy ) 

Tin ... 442 
Bismuth . • 476 
Lead ... 612 

^ 147. The quantity of heat absorbed or 

latent by the fusion of various bodies is nots 
stant quantity for all, hut varies in different tal 
this is shown by the following results of tht^ 
iments of Dr. Irvine : : ;i'i 



Zinc . • . 
Silver • « 
Copper . ' . 
Gold . 
Oast Iron 
Iron and) ^l^^ 
PlatinnmJ™^ 



Tabls Xiy.-^LaterU Heat of LiqmiM. 



Water 


140« 


Bees' wax . 


• 


1 


Sulphur . 


143.7 


Zinc . 


• 


4 


Spermaceti 


145 


Tin . . 


• 


J 


Lead 


162 


Bismuth 


9 


a 



^ 148. When liquids, on the contrary, 
the solid state, their latent heat becomes 
water, by careful management, as by ejqweinf 
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in undisturbed atmosphere to a freezing mixture 
with a little oil floating upon its surface, may be 
cooled several degrees below its freezing-point with- 
oat solidifying ; but the moment that, by agitation 
or other means, it is made to congeal, it rises to 
the temperature of 32^. 

If spirit of wine be poured into a saturated solu- 
tion of sulphate of potassa, the salt is instantly 
precipitated in the solid form, and the temperature 
of the liquid rises so as to become sensibly warm 
to the hiod. When water is poured upon quick- 
lime, a great degree of heat, and sometimes igni- 
tion, is produced, from the solidification which it 
imdergoes in consequence of chvmical combina- 
tion. In short, congelation is at all times a heating, 
and liqoefaction a cooling process, to all surround- 
ing bodies. 

If we pursue the relations of matter and heat 
under the next change of physical condition, we 
shall find the same laws maintained in the passage 
of a body from the state of a tiquid to that of a va- 
pomr, and in the contrary operation of passing from 
the aeriform to the liquid condition. There is no 
more clear and convincing mode of exemplifying 
the phenomena than by reference to the common 
still and worm tub. During the whole process of 
ebnllition in the still, when once the liquid has at- 
tained its boiling-point, the temperature never rises 
above that point : notwithstanding the constant ac- 
tion of a strong fire it never varies, but all the heat 
is absorbed, and fixed by the process of vaporiza- 
tion. The water in the worm-tub, on the contrary, 
becomes hotter and hotter during the passage of the 
vapour again into the liquid state, and, unless the 
cold water were constantly renewed, the process 
could not be carried on. The vapour, in fact, acts 
the part of the carrier of the heat, taking it from 
the fire and delivering it up to the water. 

M2 
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The heat given off by steam daring its conden- 
sation is now commonly applied to the warming of 
buildings, and is at once saf6, salubrious, and eco- 
nomical. 

^ 149. If the process of vaporization had not 
been thus progressive ; if the constitution of a li- 
quid had been such, that, upon reaching a certain 
temperature, it would have been at once converted 
into the aeriform state, the boiling of a teakettle 
would have been a service of imminent danger; 
the whole volume of water would have at once 
flashed into steam with explosive violence. 

Such a danger is, in fact, incurred upon distilling 
oil of vitriol, without great caution. The specific 
heat of the vapour of this acid is very small, and 
hence, when it begins to boil, sudden explosions of 
dense vapour rush forth from time to time, and the 
glass retort is liable to be broken by the concus- 
sion. 

Every liquid, when of the same degree of purity, 
and under equal circumstances of atmospheric pres- 
sure, has one specific point at which it invariably 
boils: thus, pure water boils at 212°; spirits of 
wine, of the specific gravity of .813, at 173° ; ether, 
at 96°, when the pressure of the atmosphere, as in- 
dicated by the barometer, is thirty inches : that is 
to say, at those respective temperatures their sev- 
eral vapours attain an elasticity equal to that of the 
incumbent atmosphere, and they are enabled by the 
slightest impulse to act upon the air in mass, and to 
remove its obstruction to their course. 

^ 150. The decrease of the atmospheric pressure 
enables vapour of low degrees of elasticity to over- 
come its resistance, and hence liquids boil at lower 
temperature when it is diminished. Under the re- 
ceiver of an airpump water may be made to boil at 
the temperature of 32<^ : that is to say, the pressure 
may be reduced till the vapour of water at that tem- 
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pentare, which is of no higher degree of elasticity 
than would be sufficient to support a column of 
mercury in the barometer of 0.20 inches, would be 
sufficient to remove it, but the full amount of latent 
heat must be absorbed in its passage into the aeri- 
form state. 

If some ether be placed under the receiver of the 
airpump, and an arrangement made by means of a 
sliding-ix>d, by which a small flask of water, covered 
with some bibulous substance, be alternately dipped 
into it and removed when the exhaustion is m^e, 
the ether will boil rapidly, and, absorbing the heat 
of the water, will cause it speedily to congeal. 

Mercury may even be frozen by the same pro- 
cess, by substituting sulphuret of carbon for the 
ether. The rapid evaporation of water is carried 
on with the greatest facility under diminished pres- 
sure, especially if the steam which is formed be 
condensed during its formation, so as to remove the 
resistance of its elasticity. Upon this principle de- 
pends an ingenious mode of freezing water in com- 
mon atmospheric temperatures, devised by the late 
Sir John Leslie. For this purpose, some substance 
which rapidly absorbs the vapour of water, such as 
oil of vitriol (dried basaltic rock, or dried oatmeal 
will answer the purpose), is placed in a flat dish 
upon the plate of the airpump; over this is supported 
upon a glass trivet a capsule of glass, containing a 
little water, and a delicate thermometer, and the 
whole is covered with a low glass receiver ; when 
the vacuum is made, a very instructive series of 
phenomena ensue. The water is speedily seen to 
boil, or give out large bubbles of steam, and the 
thermometer begins to fall very rapidly, denoting 
that the free heat, or heat of temperature, is rapidly 
absorbed during the process of vaporization. This 
steam is instantly absorbed by the oil of vitriol, 
which becomes hot by the evolution of the latent 



but of ths MMM dminff Hi iMan. lo te 1 

eut«, tod ia k ahon tinM Ibe whole rnm«lii< 

the wawr u convsnad into a mU of ioa.(9^ 

Another hwwlifal iUnstntion of Ae ■ 



-^ dbjFB little appentw of the IM 

WoUutoD, which waa named bv blm the vytmi 
' sol twoMbeofi 



connected tagetlur 1^ a long atem of Man 
eontaininf water. Tw water ia boiled It m 



the bulbs tiU the inslnded air ia ezpded t^ *i 
eiated ateam, tbrobgh a stuD apoftns in Ito' 



soow and ulkt, ita elaaticity afaia £___, 

eraporation takea ;dace fton the water !■ Ik 



f ii thB gisM duh wUch 




BOILIire IN TAOVO. 



14f 



I, which is soon converted into ice by the 
straction of its heat of temperature. (39) 

The rapid evaporation of water at low 
tures, under diminished pressure, has been 
Ivantage of in the arts, in certain processes 
egetable products are liable to injury from 
B to high temperatures. Thus the mann- 
of sugar has been improved in the process 
Howard, by which the boiling of the sirup 
kI on in close pans, from which the air is 
d by means of the airpump : and the prep- 
^f vegetable extracts is effected without any 
)f burning, by Mr. Barry's process, in close 
from which the air is expelled by steam, the 
y of which is afterward reduced by cold 

The distillation of spirits is ^so effected by 
means, without the danger of imparting an 
jmatic flavour to the products. 

In consequence of the diminished elasticity 
lir in the upper regions of the atmosphere, 
ing-point of liquids is lower on the tops of 
ns than at their bases ; and water boils at 

lis figure represents the Cryophorus, airanged for the 
it, with one of its balls immersed in the fii^zing mix* 




H9 



tTBAM W.S1W MSMn 



^ inniinit of Mownft Blanev «t the tf 
187^. The lale Archdeacon WoUasto 
uperatns upon thie iHinciple which ia 
we vneaiuieiiieiit of heights. It ooof 
CIWIbI thennoaeter, with a very laigc 
iplp a aoMll poitaUe boiler, which ia i 
Of «apiiit^lanip. By meaaa of a vem 
pert oi a degree may be read off op 
fad elthoDflh aQoh a taennometer wot 
fiillow« and imperfoctly indicate chai 
epberio teoipeiatiirei in conseqoence 
qjOfintitv of the meiciuy to be heated, tb 
qt the poOiaf-poiat of water eaailY ] 

being expoaed t 
fieient time to < 
efiiBCt Hefoon 
ence of baromi 
of 0.58e inches, 
lent to 1^ in the 
which was clear] 
the instrument. 
^ 153. It folk 
principles which 
established, that 
sure greater tha 
atmosphere, liqi 
quire a higher ti 
make them boil ; 
generate yapoui 
equivalent to tl 
If waterbeenclo 
boiler, at the bot 
some quicksilvc 
into which an c 
ter-tube may be 
passing through 
mg-box,andthet 
mometer be imr 
water through a 




MIUHCHPOIim. 



141 



llif*tas, it iMy be mtde to boil. Tbe iteam being 
wowed to escape into the air through an open 
atopoook, the thennometer, under theae circum- 
ataoeea, will indicate the uanal temperatore of 
919^.(30) If the stopcock be then cloaed, the elas- 
tio force of the confined steam will gradnally in- 
dfeaee ; and, reacting upon the surfaces of the water 
and quicksilver, willraise a column of the latter in 
the barometer-tube, or gauge, which by its height 
will measure the elasticity of the rising vapour : as 
the column ascends, the temperature -wiXL augment; 
rad when it attains the height of thirty inches, de- 
noting that the atmospheric pressure is doubled, the 
thermometer will indicate the temperature of 860.5. 
The subject has recently been examined by a 
commission of the Academy of Sciences at Paris, 
al the head of which were MM. Dulong and Arago ; 
f^ev obtained the results set down in the foUowing 
table, by actual experiment, to twenty-five atmo- 
spheres, or a pressure of 375 lbs. upon the square 
inch, and extended it by calculation to fifty atmo- 
ipheres: 



TabiA XV.-^Foree and Temperature of Steam. 


1 212^ 


Ataofc 
10 


358o!% 


Ataofc 
19 


413^78 


9 880^2 


11 


366.85 


20 


418.46 


a 976.18 


12 


374.00 


21 


422.96 


4 208.72 


13 


880.66 


22 


427Je8 


a 807.6 


14 


386.94 


23 


431.48 


6 820.36 


16 


302.86 


24 


436.66 


T 831.70 
a 341.78 
9 860.78 


16 
17 
18 


III 


26 


439.34 


60 


610.00 



1 164. The solvent powera of water are greatly 

tt) In the oppotite figure • ii the strong brase globe, com- 

« of two brauspberet, screwed together with fltncbes; h is 

bsroBieleT'tabe passing throagb toe steamtight collar; c is 

flwnnoDM&er, gndaate4 to 400^, and also passing threoab 

MBrtight collar ; d is a stopcodL, and t a sparit-lanp. TEe 

e ii supported upon the bnss stand/. 
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increased 'by tiiid eltorntion of tenpantaqr.i 
may be oemmiiDioated to it by prow iaft; w 
property waa^ tqroed tQ ecoaonucal aoooimtri 
pin's dige8ter,>«7hich coneista 0£*« JboUer* At! 
means of wedges with a close cover,'iii wkk^ 
aafety-valve, which, being loaded- wkh welghH 
•yields when the internal pressure esoeeds a« 
amount This apparatus hae recently, beai 
ployed for the eztraction* upon a large seak^ 

gelatinous and albuminous matter which«boiMi 
. ones, and the product has been ai^^lied to tiN 
poses of nutrition* As the temperatiire-oC#||s 
always that of the liquid rarodndDgitv sni} i) 
accurately regula^ted by tne deoree of pn^j 
hig[h-pressnre steam is often aj^ed with gnv 
.vantage when a steady heat may be raqniredl^ 
^ 155. The following Is a table of the^ bsi 
pomts of several liquids, under a meanbaievi 
pressure of 30 inches : 



Tabls XYL— Q^ the BaUing-pamts of Lifm 

Ether, sp. gr. 0.736, at 48<> 100 
Sulphuret of Carbon 113 * 
Alcohol, sp. gravity 0.813 173.5 
Nitric acid, sp. gr. 1.500 210 



Water . . -. ' 
Oil of TurpentiDO • 
Sulph. acid, tg. gr. LM 
Mexcony • • • "^ 



^ 156. Having seen that a large quantity of 
is absorbed or bepomes latent in the passsfs 
liquid to the aeriform state, and is again avsi 
by its recondensation, it becomes ah iilms 
subject of inquiry to ascertain the qiianti^ « 
thus enters into combination. Dr. Black wcpf^ 
matively determined this for water by a very u 
experiment. He placed two cylindrical llat 
tomed vessels of tin-plate of similar dimeitt 
containing equal measures of water at 54^, iipc 
iron plate which was kept heated. He noted 
in four minutes the water began to boil, u 
twenty minutes the whole had evaporated. . ]o 



LATENT HEAT OF STEAM. 



145 



BdnntM, therefore, the water had received an ang* 
mentation of temperature of 162^, or 40 1-3° in each 
Dinate, by which it was carried up to its point of 
ebullition; calculating that the heat continued to 
enter the water at the same rate during the whole 
time of boiling away, he concluded that 810° (or 
40 1-9 X so) was carried off, and became latent in 
the steam. Dr. Henry contrived an apparatus by 
which the experiment may be made with much 
greater precision. It consists of a close boiler, 
with a thermometer, from which a bent tube pro- 
ceeds, which may be made to dip into a measured 
ritity of water in another vessel, and in which 
steam may be condensed. (31) Supposing the 
ktent heat of steam to be 000°, a quarter of a pint 
of water raised to steam in the boiler would, by 

(31) a is the copper boiler in which the measure of water 
Ji placed ; d ia A thermometer plunged into the same ; c is a 




akopcock; b is another stopcock, opening a communication 
witn the bent tube, e /, plunged beneath the suiface of the 
maaanrod water in another Teasel, the temperature of which is 
to be laiaad by tha condansirinn of iha ataam. 

N 
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recoDdeiuation into water, raiae the lempc^ratufc ff 
an equal quantity in the condenser 900°, if il iter 
possible, or, what is equivalent to this, ten quatlei 
pinis, 90°, whicb result ia easily obtained. Oo< 
gallon of water, converted into steam at the ordi 
nary pressore of tlw atmosphere, will, by conden 
aatioOiTaiH five gallons and a half of ice-cold wrib 
to the boiling'point. The best and most carefu 
ezperim'enta agree in Rxing the latent heat of sleaa 
between QOO^ and ICoo". 

^ 157. The latent heat of dilferent vapours diffen 
u tre have foond the heat of fluidity to differ, ii 
various liquids. The following is a table of itai 
latent heat of Bteau and some other vapours, b] 
Dr. Ure : 

Tabu XVU.—Lotml Heat of Vapovrt. J 

Tipotn «f Waif r. at 213° 1000° ■ 

" Alcobol . . . . U7 % 

" Blhet .... 312B 1 

" OilDfTurpantlQ* . . UM r 

" MitrioAcid ... 650 



( 158. The density of steain (jL t^ tlie wai^d 
a given volume) iucreaaes directly aa it* dirt 
force, upon the eame pnnciple that th« danriv^rf 
air increases with the preaaure to which It isjp 
posed ; and the same weight of ateam- aoaHn 
whatever its density majr be, the same qaaoN^n 
heat 1 its latent beat being increased in praiHH|l 
as its sensible heat is diminished or abeonwiL. ' n 
principle admits of eiplanation by the AlltMA[ 
supposition : Let us imagine that, in a rjlinJwK 
nished with a piston, we have a certain qnanllhil 
steam, and that it is suddenly comproaiedlM 
stroke of the piston into half its balk, wkhont |M 
reduced to the liquid state ; it would acqain «B 
elasticity, and its temperature would be laatK 
U we either wppow Ito tyJiudw incapnliiM< % 
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heat, or take the moment instantly follow- 

compression, before any heat has had time 
pe, it must be evident that the sensible and 
leat together, before the compression, are 
ly equal to the sensible and latent heat after 
npression ; but in the dense steam the sen- 
eat is increased, and the latent heat dim in- 
f equal quantities. Reversing this imaginary 
lent, if we suppose only half the cylinder to 

steam at 212^, and the piston to be suddenly 
30 as to double its volume, the density, of 

will be reduced to half, and its temperature 
1, but its sensible and latent heat together 
nain unchanged. 

fact was long ago experimentally determined 
Watt ; but the experiments of MM. Clement 
sormes present us with the following more 
e results : 

rtain weight of steam at 212^, 
odensed at az^, gives out . 180^ Sensible hatt 

950 Latent 

1130 

same weight at 250*^ • • 218^ Sensible. 

912 Latent 

1130 

■attie weight at lOOo . . 68o Sensible. 

1062 Latent. 

espretz ascertained that the same law holds 
ith other vapours. 

. When water is converted into steam, it 
yes a much greater expansion of volume 
ly other liquid hitherto examined. It ex^ 
sight times as much as sulphuric ether, and 
three times and a half as much as alcohoL 
he vapours of ether and alcohol are heavier 
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than that oftrater, althoogfc the tanar, li 
Uqaid atatea, ate lighter than the latter. - t 
crease ef Yohmie which certahi of the coai 
liquids imdeifo* when conTeited into TSpoiir 
ordinary elaracity of the air, ia aot down : 
following table: 

Tabli XtUL—qtthe LtcmuS rf Vpbmt 

1 cubic fool of w«ttr ni*168e oabk ftoi of .-lap 
1 ctthic loot of alcohol » 4&3i^ "" 

1 eobic loot of othnr a 212.ia «* 

1 cubic foot of niiiti I ^ tm m « 

( 160. It haa aometiniea been haatOt edfli 
from the leaa latent and aendUe heat ra the t 
of alcohol, ether, and taipentine, that they IM 
nsed advantageously aa generatora of m^ 
force, instead of the steam of water ; hnt i 
case their comparatiTely small ezpanaion hai 
overlooked. Their cost in fael would he p 
tionate to the latent heat of equal volumea. 

Acubicfootof water yields 1700 cubic ft. . ■■ 

A cubic foot of aleobol yfeldB 493 cubic ft. m 457^ 
And 493 cubic ft. : 457 : : 1700 : 






A cubic foot of ether yidde 212 cubic ft. ■■ 319* 

And 812 : 312 : : 1700 : . . . 

• •■"» 

A cubic foot of qiirite of tnipeatiiie yielde 

192 cubic ft. » 139^ 

And 192 : 183 : : 1700 .... 

So that if alcohol, ether, and spirits of tvp 
could be procured for nothing, it would a 
much cheaper to employ water for the gene 
of steam for the purpose of obtaining meeb 
power. 

^161. A remarkable fact has been obeerv 
spectinff steam of great elasticity, via., thMi 
suffBred to eacape suddenly firom a ooek oK 
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ipertare in the boiler, the hand may be held close 
to die orifice from which it is rushing violently, 
without being scalded by it, though common expe- 
rience has taught most persons that steam of ordi- 
Miy density scalds severely under similar circum- 
stances. A part of this diminution of temperature 
may be owing to the sudden expansion which the 
steam undergoes when released from confinement, 
and which probably absorbs a portion of the heat 
evolved during its return to the liquid state ; but its 
chief cause is its sudden and forcible mixture with 
cold air at its first rush. A large quantity of air is 
thus violently drawn along with it in its course. 
Dr. Young long ago proved that a stream of air, or 
vapour, or smoke, issuing gradually into the atmo- 
moere, penetrates farther in an unbroken column 
tnan a stream issuing with violence ; in the latter 
ease, the elastic fluids become immediately mixed, 
firom the violent action and reaction which takes 
{dace. 

The working of the steam-engine depends upon 
the elastic force of steam, communicated by heat, 
and the instantaneous annihilation of that force by 
cold. The first principles of this machine are pret- 
tfly illustrated by the simple apparatus of Dr. Wol- 
laston, which we have already described (^ 65). 

^ 163. Vapour, however, is not only formed from 
liquids at their boiling-points under the pressure of 
the air, and at lower temperatures when that pres- 
sure is lessened or removed, but is constantly rising 
from their surfaces in the progress of spontaneous 
evaporation. Common experience has taught every 
one that water evaporates into the atmosphere at 
all temperatures, however low, and the same pro- 
cess takes place with other liquids. Dr. Faraday 
has, indeed, shown that vapour rises from mercury 
at common temperatures, at least from 6(P upward, 
although its elasticity is so very low as not sensibly 
to depress the height of the mercuriid column in 

N3 
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(he barometer. He placed Eome quicksilver in Ili( 
botioni of a gl&ss vial, lo ihe stopper of nhjcb hi 
■Itached a piece r)f gold lear, nhicli speedily be< 
came while, from the Bmalgamaiion of the gold 
with ilie vapour which rose. If live barometers be 
prepared Tor the purpose, and 3 lilile water b« 
thrown up into the air-free space of the Urst, a lilile 
ticohol into the second, etlier into the third, and 
■ulphuret of carbon into the fourth, each colunm 
»itl be depressed by the elastic furce of the vspoui 
of each liquid at the existing temperature of ttu 
Air ; and the amount of the depression may be de- 
termined by comparison with the coluinii of the 
fifth barometer, into the vacuum of which no liquid 
bas been introduced. The tension of the vapoun 
ibcreases with the temperature, provided the whole 
^ace in which they are diffused be heated lo an 
aquftl degree; but by healing the liquids, by the 
#armth of the hand or otherwise, they may be able 
to boil, without increasing the elasticity of the va- 
pours, which are condetised as soon as formed. 
The following table exhibits the force and the 
Weight of a cubic foot of sieam at different tempo* 

T*BLt XIX.— 0/ the Force and Weight <ff 8lta 

different Temperaturet. 



T~,i^«» 


bd. o, >I»w,. 


"'**'°"^*«s« 


32= 


0.2Ifi 


sH 


10 


0.28U 


3.23 *■ 


SO 




4.S3 W 


eo 




632 ■ 


TO 




&39 M 


80 


1.060 


11.33 fl 


90 


1.130 


ISXO ■ 






— ■ 


£12 


30.000 


EST.318 9 
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% 163. Evaporation to the same degree takes 
place under the pressure of the atmosphere, but is 
entirely confined to the surface of the liquid, and is 
therefore proportional to the surface. If the sur- 
face of water be covered with oil, its evaporation is 
altogether stopped. In some places on the south 
coast of England, as in the Isle of Weight, sea-salt 
IS obtained by allowing sea- water to evaporate 
spontaneously in large tanks ; the process is after- 
ward completed by boiling down the brine which 
has thus been concentrated. In parts of Germany 
the same process is carried on with saline springs ; 
hot the evaporating surface is largely increased by 
pumping up the water to a great height, and then 
suffering it to percolate through immense stacks of 
brashwood fagots. Evaporation does not proceed 
so rapidly when the air is still as when it is agitated 
by a brisk wind ; and the more rapid the current of 
tir, the more rapidly, cateris paribus ^ does the water 
disappear. When the air is calm, the vapour, as it 
forms, rises perpendicularly, but rests upon the sur- 
face of the water ; and it is the pressure of its own 
vapour upon the surface of a liquid, and not the 
pressure of the gaseous atmosphere, which puts a 
stop to the process. 

^ 164. The rate of evaporation increases also 
with the temperature, and the elastic force of the 
vapour given off increases in a geometrical pro- 
gression with equal increments of sensible heat. 
The following is a table of the force of vapour at 
different temperatures, and the rate of evaporation 
per minute from a circular surface six inches in 
diameter, according to the experiments of Dr. 
Dalton: 
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Table XX. — Of the Force of Vapour and RaU nf 
jEoaporalion per Minute. 



Tenp.Fabr. 


TOKS. 


aim. 


Bm.. 


Higk Wiad. 




iBs.orM««. 


On. 


On. 


On. 


212® 


30.000 


120.00 


154.00 


189.00 


85 


1.235 


4.92 


6.49 


8.04 


75 


0.906 


3.65 


4.68 


5.78 


65 


0.657 


2.62 


3.37 


4.12 


55 


0476 


1.90 


2.43 


2.98 


45 


0.340 


1.36 


1.75 


2.13 


35 


0240 


0.95 


1.22 


1.49 


25 


0.170 


0.67 


0.86 


1.05 



These amounts ef evaporation are, however, only 
maintained when the incumbent air is perfectly dry, 
when no vapour pre-exists in it. If vapour be u- 
ready present, as is always the case in the atmo- 
sphere of this climate, the quantity capable of evap- 
orating at any given temperature will be the quan- 
tity indicated in the table, diminished by the quan- 
tity already incumbent upon the water. 

\ 165. Various instruments have been invented 
for measuring the quantity of vapour existing in the 
atmosphere, or its relative degrees of dampness 
and dryness : they have been denominated hygros- 
copes and hygrometers. 

M. Le Roi, and afterward Dr. Dalton, adopted a 
very simple and accurate method of determining 
the elastic force of vapour at any time existing in 
the air. It is founded upon the well-known prop- 
erty thHt the moisture of the atmosphere will con- 
dense itself upon the surface of a colder body in 
contact with it. 

When a bottle of wine is brought from a cool 
cellar, or a glass on a summer's day is filled with 
water fresh drawn from a deep well, it becomes 
dewed upon the surface. By pouring such cool 
water into another glass, then carefully drying the 
surface of the first, and returning it and repeating 



■^ 
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die operation as often as may be necessary, the 
water becomes slowly warmer, and Dr. Dalton 
carefully marked with a delicate thermometer the 
temperature at which the dew just ceased to form, 
and this he s^propriately denominated the dew-point. 
It is, in fact, the temperature of water which would 
yield vapour of the precise elasticity of that upon 
which the observation is made; and all the rela- 
tions of such vapour being known, the observation 
is applicable, with certainty, to the determination 
of every question that can be proposed concerning 
it. Even in winter-time, or in very dry situations, 
a sufficient reduction of temperature may be pro- 
doced in the liquid by the frigorific effects of the 
solution of salts, to produce the effect of precipita- 
tion. The observation is rendered more precise by 
ruing small bright metallic vessels, upon the cool 
saiface of which the dew is most visible. 

& 166. To facilitate the observation of the dew- 
pomt» the author some years ago contrived a hy- 
grometer, which has been extensively used in eveiy 
part of the globe with certainty and advantage.* It 
consists of two small glass bulbs, connected to- 
gether by a glass tube, bent twice at right angles 
in the manner of the cryophorus (fig. 29). A very 
delicate thermometer is enclosed in one bulb, which, 
being filled with ether, is heated till the vapour 
issues with full force from an aperture in the other, 
wfaicb is then hermetically closed. If the opera- 
tion has been well performed, upon taking the bulb 
which contains the liquid in the hand, after it has 
cooled to the temperature of the surrounding air, it 
will boil, t. £., vapour will be abundantly generated 
by the heat of the hand, which will be simulta- 
neously condensed in the other cool bulb. The 
empt^ bulb is then to be covered with a piece of fine 
musliny and, when ether is dropped upon it, the vol- 

* 'DAniMVL*a Meteorological EtnjUt p. 139. 
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atile liquid wUl evaporate and cool the 
bulb. This exterior evaporation will caus 
sation of the vapour of the internal vapou 
ether included in the farther bulb will imi 
begin to evaporate, and cool its exterioi 
The fall of the interior thermometer will 
degree of the falling temperature, which 
noted as the dew-point, at the moment ths 
ring of dew, just coincident with the surfs 
liquid, forma upon the glass. The temper 
still continue to fall some degrees, but a 
tion of the observation may be obtaine 
serving the thermometer when it again 
rise, and noting the degree at which th< 
dew again disappears. The two observa 
dom differ more than a degree or two, and 
may be depended upon as accurate : for tl 
if any, must lie in opposite directions. (33) 

(32) Tl 
glass baU 
are connei 
er by the I 
The arm, 
the small 
ter, d, wh 
ted bulb d 
low the su 
ether in tl 

Thebul 
ered with 
muslin. *! 
A, is of br 
transverse 
made to hi 
tube in tb( 
a spring. J 
mometerj 
into the p 
stand for 
of com pan 
perature 
with that ( 
point. 
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\ 167. By means of the dew-point accurately as- 
certained, many points of the utmost interest to 
cfaymical and meteorological science may be de- 
termined. 

By mere inspection of tables properly construct- 
ed, we can at once determine the elasticity and den- 
sity of the aqueous vapour; its weight in a cubic 
foot of the air ; the degrees of dryness either upon 
the thermometric or the hygrometric scale, and the 
rate of evaporation ; when the air is saturated, the 
precipitation is instantaneous, t. «., the dew- point 
coincides with the temperature of the air. In this 
country, the degrees of dryness measured in ther- 
mometric degrees seldom reaches 3(P, that is to 
say, the dew-point is seldom 30^ below the temper- 
ature of the air ; but in the Deccan, with a tempera- 
tare of 90O, the dew-point has been seen as low as 
S90, making the dryness 61°. 

The more accurate mode, however, of expressing 
the moisture of the air from an observation of the 
temperature and dew-point, is by the quotient of 
the division of the elasticity of vapours at the real 
atmospheric temperature, by the elasticity at the 
temperature of the dew-point : for, calling the term 
of saturation 1000, as the elasticity of vapour at the 
temperature of the air is to the elasticity of vapour 
at the temperature of the dew-point, so is the term 
of saturation to the observed degree of moisture. 
ThuBy with regard to the observation in the Deccan, 

1.430 : 0.194 .' : 1000 : 135. 

The fourth term is the degree of moisture on the 
hyffrometric scale. 

^ 168. There is another method of estimating the 
opposite states of dryness and moisture, and that is 
by measuring the degree of cold produced by evap- 
oration. Water does not evaporate at all when the 
air is saturated with moisture, u e., when the incum- 
bmt steam is of the full force of that which is due 
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to the temperature; and the freedom with w 
the process proceeds at other times is in propoi 
to the dryness of the air, that is to say, to the di 
ence of the force of the existing vapour and 
Avhich might exist at the temperature of the 
Dr. Huttou was the first to propose the olraervi 
of the depression of temperature caused by we 
the bulb of a thermometer as a measure of the 
of evaporation, and, consequently, of dryness. 
John Leslie afterward adapted a differential 1 
mometer to the purpose : his hygrometer cons 
of a delicate air-thermometer, one of the bull 
which was covered with muslin, and was kept 
tinually wet by the dropping of water from a v< 
by its side. A scale was adapted to it, to dividi 
space which the liquid was depressed by exti 
dryness, into 1000 equal parts. 

^ 169. Tiiis property with which water has 
endued, of spontaneous combustion at all teroi 
tures, even below its freezing-point, is one oi 
most important in the whole economy of nat 
for upon it the growth of plants and the exist 
of all living creatures upon the earth depends, 
vapour, thus rising continually, not merely fron 
surface of the sea, lakes, and rivers, but also : 
the land in different states of moisture, is again 
densed in the upper regions of the atmosphere, 
falls in the state of hail, rain, or snow. Rest 
to the liquid state, it penetrates into the stral 
the earth, and makes its way out again in spri 
these, collecting together, constitute rivers, wl 
under the force of gravitation, descend to the 
and complete the grand process of distillation 
circulation. 

The ultimate processes of evaporation and 
densation tend also to that distribution of heat 
the globe which we have already noticed as so ei 
tial to the well-being of the organic creation. I 
is thus carried in its latent state to the upper re^ 
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flie atmosphere, and is there given out in its Area 
te by the condensation of the steam ; and upon 
8 silent and never interrupted process mainly de« 
nd the fluctuations of the aerial ocean, which tend 
greatly to its salubrity, and which produce the 
lerved variations of the barometer. 
\ 170. The cause of these perpetual oscillations 
I long been a subject of investigation with phi* 
ophers, and many erroneous explanations have 
9a given of the phenomena. The problem, in all 
generality, is difficult and complicated, and may 
ircely, perhaps, be deemed to belong to the de- 
rtment of chymistry. Without, however, going 
o the details which belong to meteorological sei- 
se, it is desirable that an accurate notion should 
formed of the true causes of the barometric 
Guiges, to which such constant reference- must be 
ide in many of the most important chymical op- 
itions. It has already been pointed out (^ 136), 
It, owing to the unequal distribution of heat upon 
) surface of the globe, and the gradual decrease 
tenaperature from the equator to the poles, the 
tstic fluids of the atmosphere must perpetually 
CRolate between the colder and the hotter points ; 
wing from the former to the latter on the surface 
the earth, and returning from the latter to the 
tner in upper opposite currents. Now it is clear 
ity if such be the fact, the barometer weighs the 
SMiire of these two combined currents at any 
ran point ; and so long as they balance one an- 
ber, that is to say, so long as an equal quantity 
air is brought by one stream to the base of the 
rpendicular column, to that which is carried off 
the opposite from its summit, so long will their 
mbined pressure be unchanged. But should any 
use, partially acting, check the course of one, 
ihont, at the same time, impeding that of the 
ler, the balance will be destroyed, and the barom- 
«9 Iqr its rise or fall, will maik the amount of the 

O 
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disturbance. Owing to varions causes, bat cbieilj 
to the equal distribution of water and land, the 
course of the winds is by no means so regular u 
assumed above ; but this grand system of compensa^ 
ting currents certainly results, although masked by 
circumstances in particular regions ; most of these, 
however, give rise to minor systems of compensa- 
ting currents, to which, as concerns the barometer, 
the same remarks will apply. Any one, indeed, 
may convince himself that such systems prevail in 
the atmosphere, by watching the progress of the 
clouds ; and in this way he will often be able to de- 
tect more than two such currents existing together. 
Now, while he is observing their courses, let him 
for a moment suppK)se that the barometer is per- 
fectly stationary, and then let him imagine one of 
the streams of air before him suddenly checked; 
the others will continue to flow on for a time io 
their primary direction from their inertia, and in 
obedience to their original impulse, and the barom« 
eter, he will conceive, must fall, because more air is 
carried off above it than is compensated by the cur- 
rent which originally maintained the balance; andf 
as a deficiency may be thus produced in one part of 
the atmosphere, an equivalent accumulation most, 
at the same time, result in some other part. (33) 

(33) Let ab c dt in the annexed dia^am, represent two cop 
rents flowing in the opposite directions indicated bv thedait*: 
a barometer placed in the lower at g, will support th« preMUf 
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A cause, quite competent to produce these par- 
tial effects, exists in toe atmosphere of steam min- 
gled with the atmosphere of permanent gases, and 
which is constantly rising from the surface of the 
earth, varying in force with the temperature of the 
waters from which it emanates. This vapour rises 
ihchanged and transparent, till, in the gradual de- 
creasing temperature of the air, it arrives in the up- 
Ser regions at a degree of cold by which it is con- 
ensed, and, becoming visible, assumes the form of 
clouds. In the act of condensation, however, an 
immense quantity of heat is set free, which was 
previously combined with the steam in the latent 
lorm ; and this, acting upon the surrounding air, 
whose capacity for heat is small, expands it, and 
gives an additional but unequal impulse to the cur- 
rent in which the process takes place. The clouds, 
again, are themselves subject to a new evaporation, 
and the vapK)ur is carried to still higher regions, 
where another precipitation takes place; till, at 
length, large masses of the atmosphere have the 
natural progression of their temperature changed 
tod their currents altered, or, perhaps, reversed. 
The increased temperature of the air is accompa- 
aied by a great increase in the force and quantity 
of the steam, the final precipitation of which takes 
place in the form of rain, and the atmosphere re- 
turns to its mean state . through the influence of 
winds, which restore the original balance. The or- 
der of the phenomena corresponds with the facts 
that the barometer is most steady when the weath- 
er is clear, and fluctuates most with clouds and 
rain; and also explains the reason why, in the 

of both, and remain without oscillating so long as the two cur- 
tents remain unchanged. But if a partial expansion, affecting 
the upper current alone, should urge it forward on its course on 
one side and check it on the other, an accumulation of the na- 
ture of a wave would take place at 6, and a corresponding de- 
liciency at a, as indicated by the curve a b, and would be ac- 
companied by a rise of the thermometer at g, and a correspond- 
ing &U at/. 
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greater distnrbances of the aerial ocean, local de- 
ficiencies of the elastic fluid are restored by windfl 
whose force is generally proportioned to the vacu* 
um which they supply.* 

^ 171. Aerial fluids are commonly distinguished 
into two classes, viz., vapours and gases ; but tlye 
experiments of Dr. Faraday have nearly annihilated 
the distinction, and proved that the difference is one 
of degree only, and not of constitution. In ra- 
pours, strictly so called, such as the steam of wa< 
ter, the latent heat is retained in combination witli 
very little force ; for it abandons the water when 
the vapour is exposed to a lower temperature ; but in 
gases the heat of composition is retained very for 
cibly, and no diminution of temperature that hac 
ever heen produced can separate it from some ot 
them. Dr. Faraday has, however, succeeded in re* 
ducing to a liquid state many of those substanoefl 
which till very recently were considered as perma- 
nently elastic fluids. His method is to generate 
them under strong pressure, by confining the sub- 
stances from which the gases are evolved in strong 
glass tubes, in which their elasticity is allowed to 
increase till it forces their particles within the verge 
of cohesive attraction, when they assume the fom 
of liquids. This operation he farther assists Irv the 
application of cold mixtures to the exterior of one 
extremity of the tube. When thus produced, the} 
continue liquid while the pressure is kept up, bat 
on removing the pressure, instantly pass into the 
gaseous state. The same condensation may alsc 
be produced by mechanical force, and considerable 
quantities of carbonic acid have been thus reducec 
to the liquid state by Mr. Brunei, with the view of 
applying its expansive power as a mechanical agent 
The cold produced by the sudden evaporation ol 
these liquids is so great as actually to preserv< 
some of the substances in their liquid state undei 
the mere pressure of the air, and carbonic acid hai 
* Danibll'8 Meteorological Essays, p. 559. 



-% 



UQUir ACTION or OASIS. 161 

been even frozen by the cold produced by its own 
spoataneoDS evaporation. Mr. Brunei was the first 
to observe this fact, and the loss of elastic force 
thus occasioned was, it is believed, the cause of 
giving up the attempt to construct a gas-engine. 

4 172. More recently, some very interesting re- 
•bits have been obtained by M. Thilorier, who has 
ascertained that the expansion of liquid carbonic 
acid for every degree of heat exceeds that of tne 
acid in the gaseous state even by four times, and 
the pressure of the vapour from 32° of Fahrenheit 
to 86^, rises from 36 to 73 atmospheres. 

A jet of liquid carbonic acid sinks the thermome- 
ter to 130O Fahrenheit below 0^. 

It has little capacity for heat, and from its want 
of conducting power, its cooling effects alone do 
not correspond with the depression; but when 
mixed with vapour of ether, M. Thilorier succeed- 
ed ia forming a cold blowpipe, which froze 800 
grains of mercury in a few seconds. 

^ 173. A gas, then, may be regarded as the va- 
pour of a liquid whose elasticity, at ordinary atmo- 
spheric temperatures, is such that it is not only 
X' ralent to the pressure of the ordinary atmo- 
re, but to that of many atmospheres, and which 
would therefore boil under the pressure of many at- 
mospheres, and cannot consequently be preserved 
except under artificial pressure. The pressure re- 
aoirM to condense the several gases is recorded in 
toe following table : 

Table XXI. — Liquefaction of Gases, 

Praaurt ia TBiapsnhBiv^ 

▲tmonlMni. ratareolMit. 

Salphnroiis acid . . 2 . . . 45® 

Chlorine .... 4 ... 60 

Cytnogeii ... 4 ... '60 

Ammonia ... 6i ... 50 

Sulphuretted hydrogen .17 . . ,50 

Carbonic acid . . .36 . . .32 

M nriatic acid ... 40 ... 50 
Nttioofosyde .50 .45 

09 
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Many gases have hitherto reEisled the ntmoit 
degree of compKesiou and cold la which it haa beea 
practicable to expose them, but from the generali- 
tT of ttie law ita universahty is a legiiimate deduc- 
tion ; and geologisia are Justifiiid in specuiaiing 
upon the eztstence of the atmospheric giises iheiu- 
aelves in a aute of liqiildlty, i[i the fnthomleN 
depths of the aarth, under the enormous preasurea 
to which they must there be necessarily exposed. 

Some gas^ however, though tiicoercible, or re- 

8 Hiring very high degrees or force i^o coerce them, 
y mechanical means and cold, instantly yield to 
the force of heterogeneous adhesion, and, as tbey 
become dissolved in water, give out their latent 
heat. Tbns, if ■ current uf muriatic add gas be 
pftssed into water, it will be rapidly absorbed, aD4 
the temperature of the solution will rise considers* 



bly. 



\ 174. We have seen that water and other liqwdi 
gradually expand in volume with increase of leoi* 
perature, and thi.i, on the other hand, siearn ud 
ether vapours rapidly increase in density, aa iha 
pressm*e and temperntufe to which they are ex- 
posed augments ; whence it is clear that, at soiM 
particular assignable point, the liquid and dsstte 
states must coincide, and there must be a litnit be- 
yond which a tiqnid, notwithstanding the preesDMt 
eught ta be wholly volatilized, or become gatevm, 
IMwided sufficient space be allowed fur the cxpao* 
sion> M. Cagniard de la Tour, reasoning upon tia 
general facts, wt-s led to make some interesting 
experiments upon the subject. A strong ' 
tube, containing alcohol equal in bulk to """ 
fifths of its capacity, being hermeticiiily 

"■- '---■-i, the akoholw 

i attained ne&rlv 

ginal vohime, it suddenly diBappeaiea,Jwiqf O 
ed into vapour So transparent that tbe tobsr- 
to be completely eppty. MiamagM ts 



Garefuliv heated, the akohol was observed IviM 
pand, till, after having attained nearly douUe-ifMl 
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ticohol was again anddenly converted into the full 
folucne of liquid. When the proportion of alcohol 
to the capacity of the tube was increased, the con- 
aeqtience was the bursting of the tube. Similar re- 
fults were obtained with naptha and ether, the lat- 
ter requiring less space than the former for assu- 
ming the complete elastic state, and the naptha less 
apace than alcohol. The ether became gaseous at 
a temperature of 320^, and exerted a pressure of 
18 aimoapherea ; alcohol at 404 l-^o, under a pres- 
•ore of 129 atmospheres. 

Upon trying the experiment with water, the glass 
tube broke from its solvent pjower at the high tem- 
perature : but when this action was prevented by 
the addition of a little carbonate of soda to the li- 
^aid, it became gaseous in a space four times its 
irolume at the temperature at which zinc melts. 

^ |75. We have hitherto considered heat as in- 

Xrable from matter, differing, however, from 
r forma in its slow progression among its par- 
ticles ; tending, indeed, to an equilibrium, but still 
aipaUe of existing in various degrees of intensity 
in different parts of the same mass. Differing, 
•gain, in the latent and apparently inactive state in 
Irfaich it becomes stored up in various forms of 
matter, and from which, though lost for the time to 
•ir sensation and our instruments, it may be set 
frse in AiU measure and proportion. 

We have now to coi^template this subtle agent 
Isfesching itself from matter, and projecting itself 
through apace and through various kinds of matter 
with a velocity almost inconceivable. 

We recognise heat in this state from the effects 
sf a fire, or a heated body, at a distance. The 
warmth which we feel, or the expansion which we 
may observe under such circumstances, cannot be 
sommunicated by any material particles; for we 
■ay so contrive the experiment that the air, the 
SBly form of matter which intermixes, may flow to- 
wards the source of the heat. 
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It is also by this new property of radiatwn that 
heat tends to that state of equilibrium which, upon 
a former occasion, we found to be partially estab- 
lished by the processes of conduction and couTec 
tion. 

^ 176. The intensity of radiant heat, like that of 
gravitation, and for the same reason, decreases as 
the square of the distance from the source of the 
rays: thus, if a thermometer, protected from the 
influence of all disturbing causes, be observed to 
rise a certain number of degrees at one inch dis- 
tance from a lieated surface, it will indicate four 
times less heat at two inches ; nine times less at 
three inches ; and sixteen times less at four inches. 

^ 177. The primary law of reflexion, at an angle 
equal to the angle of incidence, is also easily rec- 
ognised by holding a bright metallic plate before a 
common fire ; the rays of heat may then be turned 
in any direction, according to this law, and tested 
by our sensation ; when we see the image of the 
fire in the mirror, we also feel its heat. 

If we fix two concave metallic mirrors at a dis- 
tance apart of about ten or fifteen feet, with their axes 
in the same line, and with their faces parallel and 
opposed to each other, upon placing a thermometer 
in the focus of one, at the distance of half the ra- 
dius from one of them, it will be found sensible to 
the eflects of a heated body placed at the same dis- 
tance from the other. These points- are called the 
foci of the mirrors. It is easy to assure ourselves 
that the effect is owing to reflexion, and not to the 
direct radiation of the heated body, by removing 
the thermometer out of the focus, and approaching 
it towards the source of heat, when it will be founa 
to fall ; or, the same return to its original state may 
be produced by placing a screen between the ther- 
mometer and its own mirror, when the reflected 
rays will be cut off, although the direct communica*- 
tioA with the radiating body will still be open. la 
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the same way, when a red-hot iron ball is placed 
in one focus, a piece of paper will be scorched in 
the other ; and gunpowder and phosphorus may be 
inflamed, even when the temperature of the ball is 
below ifi;nition.(34) 

The heated body placed in one of the foci of 
these conjugate mirrors throws off its rays in all di- 
rections, and those which strike upon the surface 
of the nearest mirror are reflected in a parallel di- 
rection upon the surface of the second mirror, 
where they undergo a second reflexion, and are 
made to converge at the second focus, and there 
act with their concentrated energy. 

& 178. Reflexion from the concave surface of a 
bollow cone also causes rays of light or heat to 
converge to a focus, and those who have not the 
command of conjugate mirrors, such as have been 
just described, may easily verify the above results 
amply by a sheet of gift paper, rolled up in the 
form of a truncated cone, with the metallic surface 
inward. If a hot ball be placed at the large ex- 

(34) The annexed figure shows the disposition of the appara 
tu. A npd B are the two polished metaihc mirrors. The hot 
iron ball la placed in the ibcna, c, of the mirror, a, towards which 





t ndiatea its heat. The diverging rays are reflected in a par- 
aliel direction upon b, by a second reflection from which they 
am midered convergent, and fall upon the thermometer, ft 
placed in the focus to receive them. 
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tremity of this cone fhe nffiaiA beat -win Velfiitll 
ed to a focus beyond the smaltor eaA^ atifl phMiW 
rus, &c., may be fired. 

^ 179. Bright Inetallic bodies being flie best i» 
flectors of heat in the experiments, above ditM 
bed, the temperature of the minors is not upmb^ 
bly raised; but if their surfaces be ''daHed* ii 1|| 
coating them with lami^lack, the rays are i~ 
ed by the mirror which is the nearest , to the 
body ; it becomes hot, and a smali and alnfost ftri| 
preciable quantity is transmitted to the' 9eiMl 
mirror. Bodies, nowever, which thtis abeeA' ' 
diaut heat, throw it off again by a secondary 
tion, and scatter it in every direiction as, "" 
centre ; and it has been ascertained, by thjs 
ful experiments of Sir John Lesliet that the ~ 
sorbitants of heat are the best radiators. *" 

Heat, propagated by re^ukr reflexion, loess 
of its intensity by increasing the distaiiee 
has to traverse, except a nunute quantity 
due to the absorption of the medium through 
it passes ; but, when propagated by secondaiyi 
tioQS, it decreases directly as the square of tf 
tance. Two portions, therefore, under these 
ent circumstances, may easily be distinguished j 
each other by these different properties. 

^ 180. These properties, as well as that of: 
ion, depend entirely upon the surfaces of ' 
Sir J. Leslie obtained most of his results 
simple apparatus of a cubic tin cannister, 
heated by filling it with boiling water, and 
by coating three of the sides with different sol 
ces, he compared their several effects upon m; 
cate thermometer, placed at the same disi 
from each with that of the fourth side, whioll 
left in its bright and polished state. Bj tM 
means he found that, taking the quantity of^^ 
radiated by lampblack as IQO, the radiating n 
of a surface covered with glue was 80, and ol 




Tarnished lead. . 45 

Clean lead . . 19 

Polished iron . . 15 
Tin ^ 
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deir metal 13. The following table was also con- 
itracted from Professor Leslie's experiments : 

Table XXII. — Radiating Powers, 

Lampblack • . 100 

8ealiQg-wax . • 05 

Writing paper . 98 

Crown glass . . 90 

China ink . * 88 

Had lead . 80 ouver t 

Plambago . . 75 Copper ) 

He also found that the direction of the lines by 
irhich the surface was roughened had a considera- 
>le eflfect upon the result. He scratched a bright 
netallic surface with a number of lines in one di- 
«ction, and found the force of radiation increased : 
le then scratched a similar surface with the same 
mmber of lines, half of which crossed the other at 
ight angles, and obtained a still greater effect. 
The power of projection seemed to depend upon 
he number of points produced. 

^ 181. M. Melloni has lately ascertained, by ex- 
leiiment, that these differences in metallic bodies 
lo not arise from differences in the state of their 
mrfaces, but from changes in their densities. To 
tetermine this, it is necessary to make the observa- 
ions with metals which are not easily oxydizable , 
br Uie thin coat of oxyde which forms upon tin, or 
iIdc, or brass, is known to radiate much better than 
he metals themselves. He formed two vessels of 
NOe silver, one of well-hammered plate, and the 
ither of cast metal slowly cooled. He polished 
me side of each very highly, and the other he 
leratehed with emery paper in one direction only, 
ind, filling them both with hot water, he found the 
bUowing difierence : 

1 9o 7 5 Foi^ the polished £Eice 
" •' ( of the cast metaL 
For the scratched 
fiice of the aamfl. 



ta^i 'For the polished &ce of 
^^^1 the hammered metal. 
tool P<v the scratched fkce 
^^\ ofthsame. 



U«3| 
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Comparing these results, it will be fonnd : IsCr 
That in the case of the pohshed surfaces, the cut- 
metal radiated nearly l-3d more than the forged ^ 
showing the superiority of the lesser density ; £lly. 
That in the case of the scratched surfaces, not only 
does the hammered metal show an augmentation 
of radiant power of 4-5ths, but the cast metal a- 
diminution of nearly l-5th. 

The latter unexpected effect arises, according to 
M. Melloni, from the compression of the soft sur- 
face of the cast metal by the action of the hard 
emery. 

^ 182. The relation of the powers of reflezioQf 
absorption, and radiation, and the equality of the 
two latter in similar surfaces, is shown by an eZ" 
periment of Dr. Ritchie. He placed a hollow me-- 
tallic vessel, filled with hot water, between the two* 
metallic discs of an air- thermometer. The surface' 
of one disc was bright and polished, and of the 
other covered with lampblack. One of the sui^ 
faces of the heated vessel was also bright and poU 
ished, and the opposite surface similarly blackened.' 
When the apparatus was so arranged that a black 
was opposed to a metallic surface, no effect wav 
produced upon the liquid of the thermometer ; but 
when the blackened surface of the heated vessel) 
was opposed to the blackened disc, the expansion 
of the air indicated a strong transmission of heat.r 
In the first position, the good radiating surface of 
the heated vessel was opposed to the good reflect^ 
ing disc of the thermometer, and its bad radiating 
surface to the good absorbent surface, and the ac^ 
tions were exactly balanced : but in the second po- 
sition, the good radiating surface was opposed to 
the good receptive surface, and the two bright me- 
tallic surfaces to each other, so that everything fa- 
voured the transmission of heat on one side, uid 
stopped it on the other side, ai^d the liquid of the 
thermometer instantly indicated the inequality. 
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^ 18S. These principles may be readily illustrated 
Iqr easy experiments or by the results of common 
3Xperience. If we take two equal tin vessels, 
nighten the surface of one and blacken the other, 
ire shidl find, upon filling them with hot water, that 
the water in the blackened vessel will cool much 
raster than that in the bright vessel. The water in 
I bright silver teapot will retain heat much longer 
thui water of the same temperature in one of earth- 
enware ; and hence the superiority of the one over 
the other for preparing the infusion. The furniture 
of the kitchen will also afford abundant apparatus 
for illustrating the principles of radiation, absorp- 
tion, and reflection, and their economical appltca- 
tions. If the bottom of the kettle be bright, we 
shall scarcely be able to boil the water which it 
contains; but, at the moment it becomes covered 
with soot, the heat freely passes into it. If the 
whole of its surface be blackened, the water will 
soon cool when removed from the fire, and it is in 
its most efficient state when its sides and top are 
Iniffht, and its bottom coated. By the meat-screen 
ud the Dutch oven the radiant heat of the fire is 
reflected, and concentrated upK)n the operations 
which are carried on behind them : and innumera- 
Me other instances might be adduced in which ex- 
perience and observation had probably long antici- 
pated the conclusions of experiment and science. 

Pipes for the conveyance of hot water or steam 
should be kept perfectly bright and polished ; while 
at those parts where they are destined to give out 
the heat to the surrounding atmosphere, they should 
be roughened, or coated with some good radiating 
substance. By attending to such circumstances, 
which might to the uninformed appear trifling and 
unimportant, the consumption of fuel in the steam- 
engine itself has bepn greatly economized. 

The thinnest coating of gold leaf coverinff the 
flnger, will enable a person to approach it within a 
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very small distance of a red-hot iron or other ki- 
candescent body ; while, if unprotected, it woold 
be burned at ten times the distance. And the same 
reflecting power may be rendered visible by gilding 
some letters upon a sheet of paper, and holding a 
red-hot iron over them, when the uncovered inter- 
vals will be scorched, but the letters themselves 
will be untouched and conspicuous. 

^ 184. The radiation of heat is one of the most 
important processes in the economy of nature, and 
it is one of the means by which equilibrium of tem^ 
perature is brought about. Not only does heat 
travel from a hot to a cold body by the processes 
of conduction and convection, which we have be- 
fore examined, but it is projected from the one and 
absorbed by the other, at a rate dependant upon the 
state of the surfaces of the two. In every assemo 
blage or system of bodies, as, for instance, the vsp 
rious objects in a room, there is a tendency in each 
to radiate its heat ; which, if met by an equal force 
or exchange in others, or in the walls of the apart- 
ment, is balanced or restrained ; but if any inequality 
exist in the system, the projection takes place to- 
wards the weaker point till the balance is restored 
by absorption. 

The same radiation takes place upon a large scale 
from all the substances upon the surface of the 
earth towards the regions of space ; which, if not 
met and counteracted by the radiation from the sun, 
would soon annihilate all organic being by the rig- 
ours of an eternal frost. 

^ 185. We may easily obtain evidence of this 
tendency by placing in the focus of a concave me- 
tallic mirror the bulb of a thermometer, covered 
with some good radiating substance, as the short 
white fibres of wool or cotton. By turning this ap 
paratus towards the clear sky, the thermometer will 
fall several degrees. It is protected by its position 
from the radiation of surrounding objects, and its 
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lim ndiant heat is projected towards the clear * 
qiace, or, falling upon the concave surface of the 
mirror, is reflected in parallel lines in the same di- 
nction. This effect is produced even while the 
maoL is above the horizon, provided the mirror be 
tomed from the direct rays of that luminary ; and 
It night a depression of seventeen degrees below 
the temperature of the air and surrounding objects 
aay commonly be produced. Perfect stillness of 
die atmosphere is necessary, and perfect transpa- 
rency also, for otherwise the balance of air is soon 
restored by convection, and the slightest mist de- 
itnyys the effect by a counter-radiation. 

^ 186. It was upon these principles that Dr. 
WeUs first explained the* formation of dew in one 
if the most beautiful experimental essays which 
rev graced the annals of inductive philosophy. 
le ascertained that the formation of this important 
henomena was always preceded by the cooling 
f the body upon which it was deposited below the 
smperature and dew-point of the air by radiation. 
[ence it is that the best radiating substances, such 
s the filamentous textures of vegetables, collect 
lis moisture most abundantly, and the short-mown 
rassplat will be covered with it, while the gravel- 
id walk or compact road by its side will remain 
erfectly dry : and hence it is that dew never forms 
a a cloudy night, or when there is wind enough to 
BStore the balance of temperature by its circula* 

Lon. 

^ 187. If in one of the foci of the conjugate mir- 
ora before described, a piece of ice, or a glass flask 
illed with a freezing mixture, be placed instead of 
i heated body, the thermometer in the other focus 
rill indicate a depression of temperature ; and the 
ixperiment has sometimes been referred to as 
>roving cold to have a positive existence, distinct 
Sroin heat ; but the phenomenon is easily explicable 
g^oii the principles which we have already explain* 
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* ed, without refermiee.to vaj newiijputlieiii..: li 
the new arrangement, the thermo ma Urfa the teMfi 
body, and, radiating its heat open the nee r e et mwm 
the rays are projected upon the ■ecoiid» and cioliwt 
ed in the focus, where they are abeoibed b|r tlMiie 
and as no adequate return is made; the teihpei» 
ture of the thermometer neceeetriljr lUls. Tpe if 
feet is exactly the same at that of radiatkMi dfaeeli 
ed into clear space, just described, wbieh iteelf wai 
referred by Sir J. Leslie to cold polaee ehotdeei i i 
ward from the sky. -» - ■ 

^ 188. Radiation, however, was aaocftainadhf Ih 
H. Davy to proceed with greater eneify la VMM 
than in the air. He, by means of the ▼olHie bMMf, 



ignited charcoal placed in'the focus of a 
ror confined in the exhausted reeeifer of aa all^ 
pump. The receiver being exhausted to V 
the eflfect upon a thermometer placed in the 



of another mirror below, was nearly three tiflMefl 
great as when the air was in its sataral etsle m 
condensation. 

^ 189. It has long been known that the hnili^i 
power of the suh's rays depends upon the edhM 
of the surfaces upon which they fall; and thalArii 
and black bodies are more heated than those'lfhlBi 
are of light tints or white. The fact was pMH 
by Dr. Hooke and Dr. Franklin, whorplaced piiNM 
of cloth, of similar texture and size, npon nMHi^ili 
lowinc the sun^s rays to fall equally upon thaitt 
The dark specimens always absorbed more mM 
than the light ones, and the snow beneath Mm 
melted to a greater extent than under the olhe'mi 
and they remarked that the effect was neaii|y^ la 
proportion to the depth of the shade. With rsflii 
to this experiment, the different colours stood mlis 
following order: Black, blue, green, purple, ie4 
yellow, white. 

It is probable that the absorption of i 
of terrestrial heat 9iay also be afrected, in 
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gree, by the colour of the objects upon which the 
rays may fall ; but, generally speaking, the absorp- 
tioa and radiation of terrestrial heat are dependant 
more upon the texture than the colour of the sur- 
faces upon which it impinges or from which it 
emanates. 

^ 100. We have now to inquire how radiant heat 
is affected by its passage through such bodies as 
it can penetrate and traverse. All the ordinary 
phenomena which we observe take place through 
the medium of the atmosphere, and radiation will 
proceed through any gaseous medium. The exper- 
iment of Sir H. Davy has, however, just been re- 
ferred to, to prove that it proceeds with least ob- 
struction in vacuo. Observation has also proved 
that the intensity of the solar rays is greater upon 
the summit of a lofty mountain than at its base ; and 
it has been calculated that about one fifth of the 
solar heat is absorbed in passing through a column 
of 6000 feet of the purest air. 

As it is by the passage of light through different 
transparent media that we distinguish different kinds 
of luminous rays, so by the same means we are 
enaibled to detect dififerent kinds of calorific rays. 

^ 101. In experimenting with colourless and per- 
fecily-polished and transparent glass, one striking 
diffeiBnce immediately occurs between solar heat 
ind the radiant heat of terrestrial bodies ; it allows 
the rays of the former, like the rays of light, to 
pass through it with little obstruction, while it al- 
most wholly arrests the progress of the latter. The 
rays of heat, as well as of light, are concentrated 
in the focus of a concave metallic mirror, and the 
greatest heat which has ever been produced by art 
has thus been accumulated. The efiect is little 
lessened when the mirror is formed of silvered 
ftlass, in which case the rays which are reflected 
from the bright metallic surface pass through the 
inteiposed si^stance of the glass before they are 

P2 
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collected. On the other hand, if the me 
ror be held before a comnioii fire, a bur 
will be easily foond ; bat with a fflaea i 
light 'of the fire will be reflected, bot nc 
In a similar way, glass lenses refract hot! 
and he^t of the sun, and hence are fam 
tingnished as burning-glasses ; but when h 
any source of terrestrial heat, the most di 
thermometer will scarcely be aifected. 

Tlie principal effects which we ha^e ] 
described of the reflexion of dark heat 
conjugate mirrors are immediately arrest 
interposition of the thinnest glass-plate. ' 
ertjir of glass is sometimes usefully empld; 
it IS desirable to see the light of a fire ii 
ing incommoded by the heat ; and glass S) 
used to protect the eyes when it is necesi 
spect the action of a hot furnace. 

The radiant force, however, is not lo 
absorption of the glass : it receives a n 
tion ; the glass itself becomes hot, and 
throw off heat by secondary radiation. 

^ 192. This distinction between solar a 
trial heat is far from being absolute, as n 
time supposed ; for by delicate experime 
been found that glass will arrest some of t 
rays, while, on the other hand, it will al 
of the latter to pass. It has also been ai 
that the quantity of terrestrial heat whic 
transmitted varies with the nature of it 
from a good radiating surface of the temp< 
boiling water it is scarcely appreciable, w 
the flame of a gas-lamp it may be measui 
air-thermometer. M. de Laroche also mw 
covery, that the heat which has passed th: 
plate of glass is less subject to absorpt 
passing through a second. 

6 193. 'I^he difference between radian 
light,. and heat in its other conditioii« is 
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iDostnted by the combastion of a flame of hydro- 
gen and oxygen gases, in which no solid matter is 
concerned. The result is the vapour of water, and 
the disengagement of the greatest heat which art 
can command ; but it is accompanied by very little 
Kght, and if a convex lens be held before it, the ra- 
dunt heat which will pass through it will scarcely 
ifiect the most delicate air-thermometer. If a piece 
of solid matter capable of resisting its action, such 
as a wire of platinum, be held in it, radiation will 
immediately take place. A piece of lime thus pre- 
lented to the flame undergoes no chymical change, 
but emits alight which almost rivals that of the sun ; 
and radiant heat is at the same time projected of 
sofllcient intensity to penetrate the lens and to in- 
iame phosphorus at its focus. 

^ 194. We are indebted to M. Melloni for almost 
all that we know, with accuracy, of the passage of 
radiant heat through different translucent substances. 
The memoirs in which he has recorded his experi- 
ments and deductions have been most justly hon- 
oured with the Rumford medal of the Royal Socie- 
ty, and they present a model well worthy of the im- 
itation of those who are engaged in similar physical 
imrestigations. 

He has ascertained that the power in bodies of 
transmitting rays of heat is by no means propor- 
tioned to their transparency or their power of trans- 
mitting rays of light ; and among crystallized bodies 
in particular, he has found that some which are high- 
ly transparent intercept nearly the whole of the cal- 
orific rays, while others act in a manner directly 
contrary. These properties are invariably manifest- 
ed, whatever be the temperature of the source, and 
become yet more singular at low temperatures ; for 
in the latter case it is found that the ordinary heat 
of the hand will pass through a solid body of sever- 
al inches in thickness. Liquid chloride of sulphur, 
of a deep red^brown coIouTi will, out of 100 rays^ 
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allow 63 to pus ; while an equal thickness of c 
dut1«B8 spirii of turpentijit; will only tmiismit ihirl 
one; of aulphuric ether, twenty-uiie; Bulplmricai' 
ieventeeo; and oT distilled water, only eleven: 
case is the same with solid bodies. Different kitj 
of glass vary in their powers of tranamissioD, fre^ 
aixiy-seven per cent, in fiicit glass, to furty-nlue — 
cent, in crown glass: while perfectly diaphan 
rock-salt will treasmit S2 out of every XOO r 
and equally diaphanous alum only twelve. To ,. 
tinguish those bodies which possess a capAciiy {I 
calorific trans mission, fhom those which possess &' 
capacity for luminous tnina mission, he has proposed 
the term diathermammt fur tim former, els analugous 
in form to the epithet Haphanoiu applied to the lal- 
ter. In one eiperimeDt ho employed a plate <4m i 
alum, well polished and perfectly transparent, oift. J 
.06 inches in thickness, and compared it with a plwi ' 
of smoky quartz 3.38 inches thick, which was ofjm \ 
decided a brown colour that the large letters omM I 
printed page, placed in the fullest light, could notMf 
traced through it ; and found that the former sIIom ; 
ed only six per cent, of the rays to pass through u 
while the latter afforded a passage to nineteen pm 
cent. He also found that the perfectly opaque g1as» 
employed in the construction of inirrors, for experi- 
ments upon the polarization of light, was diatherroa- ' 
nous enough to transnait a consider»ible quantity of 
calorific rays : on the other hand, sulphate of g<^ 
per, which is of a blus colour, and strongly diapha- 
nou*, is perfectly aCAermanous. 

^ 195. The results above detailed were obtained 
from the burner of an argand lamp ; but M. Mellooi. 
found that different effeci^ were produced from dife 
ferent calorific sources. The four which he coa^ 
pared together were, the flame of oil, without llM 
interposition of glass ; platina wire, kept in a HaM 
of incandescence t^ means of the flame of a ifiliL. 
Iftmp (botti of which are luaiinous) ; a ^ate of 6o^^ 
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in 



per, heated to the temperature of 733<>; aad a 
vessel of thin copper, blackened on the outside, 
filed with boiling water (both of which were non- 
Inminous) ; some of the principal results are shown 
in the following table : 

Table XXIII. — Of Diathermancy, 



Hanai of the iat«rpcMd wbttancei 
wmon tbiekueH, 0.102 ia. 


Nakod fimndwcaiit 
flune^ PIftdoum. 


U^M 


Ujjp.l 


Rock salt . 


92 


92 


92 


92 


Iceland spar 


39 


28 


6 





Mirror glass 


39 


24 


6 





Rock crystal (colourless) 


38 


28 


6 





do. (smoky) 


37 


28 


6 





Citric acid . 


11 


2 








Alum .... 
Pure Ice 


9 


2 








6 












^ 196. Thus it appears that rock salt, successive- 
ly exposed to radiation from different sources, al- 
ways transmits immediately the same quantity of 
heat (and it is the only known substance which thus 
acts). A plate of any other diathermanous sub- 
stance will, under the same circumstances, trans- 
mit quantities less considerable in proportion as the 
temperature of the source is less elevated : but the 
differences between one transmission and another 
decrease as the plate on which we operate is more 
attenuated. Whence it follows, that the calorific 
rays from different sources are intercepted in a 
greater or less quantity, not at the surface, and in 
virtue of an absorbent power varying with the tem- 
perature of the source, but in the very interior of 
the plate, and in virtue of an absorbent force simi- 
lar to that which extinguishes certain species of 
light in a coloured medium. 

ELBCTBicmr. 

§ 197. An intensity of light, equal to that given 
by the ignition of platinum in the oxy-hydrogen 
flame, and attended with great heat, may be pro- 
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duced by the action of the forces which we have 
called electrical. These are so called from the 
electron or amber ia which they were first observed 
by Thal43s, 600 years before the Christiaii era. The 
more striking phenomena of lambent flames upoa 
the mast-heads of vessels in a storm, orflights upon 
the spear-points of soldiers, and the flash of light- 
ning, had been also observed with feelings of dread 
and superstition, but were little supposed, in those 
early days, to have anything in common with 
the alternate attraction and repulsion of minute 
particles of dust by this rare substance after it had 
been subjected to friction. It was not till 2300 
years afterward that the same property of attrac- 
tion, accompanied under favourable circumstances 
by flashes of light, was observed to be possessed by 
glass, sulphur, and sealing-wax, and that the foun- 
dations of electrical science were laid by Mr. Gil« 
bert. We are indebted to active observation or ex- 
periment for the whole of the superstructure, mere 
passive observation or common experience having 
had but little influence upon its progress. Electri- 
city is as widely difl'used as energetic in its charac- 
ter, and at least as important in the economy of the 
material universe as heat itself; but its properties 
are more recondite, and necessity has not given to 
the human race that early command over this pow- 
er, upon which its very existence has depended in 
the latter case. Such a command will probably re- 
sult from the higher exercise of the intellectual fac- 
ulties of man, and may be destined to requite his 
patient industry with the acquirement of power, of 
which only inadequate anticipations can as yet» 
perhaps, be formed. 

^ 198. It will be remembered that we traced the 
origin of heat to five principal sources ; and from 
four of the same sources we also derive the new 
force which we are about to examine ; while ansdo^ 
gy, as well as the uncertain results of vague exper* 
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hnents, lead us to believe that the fifth, or the solar 
rays, will hereafter be found capable of imparting 
this subtle influence. It is freely evolved by the 
mechanical action of heterogeneous substances; 
Btill more abundantly by chymical action; it is a 
product of animal organization ; and as electricity, 
under certain conditions, is capable of evolving heat, 
so heat, on the other band, is capable of exciting 
electricity. Like heat, it adds nothing to, and sub- 
tracts nothing from, the weight of bodies in which it 
is excited ; but, unlike heat, it is not opposed to co- 
hesion, and does not increase the volume of homo- 
geneous masses, or loose the chain which binds their 
particles together. It is capable of acting upon 
masses of matter in opposition to gravity, and it is 
also capable of the most enei^etic influence upon 
its constituent atoms. Every form of matter may 
be excited in its action, and it may be transferred 
from one portion of matter, in which it has been 
called forth, to another previously in a neutral 
state. 

^ 199. The apparatus we shall first describe is of 
extreme simplicity, but the instruction which we 
derive from it is of the greatest importance. 

We have already seen (^ 14) that if we suspend 
some light substance, such as a feather or a pith- 
ball, by a silken thread, and then approach it with 
a dry glass tube which has been rubbed with silk, 
the suspended substance will be attracted to the 
glass tube from a distance, and adhere to it for a mo- 
ment, but will afterward recede from it ; and, after 
its separation, so far from the glass exerting any, at- 
traction upon it, it will strongly repel it from its 
surface, if we substitute a stick of sealing-wax 
for the glass tube, and rub it with a dry, warm flan- 
nel, we may produce the same phenomena of at- 
traction and repulsion upon a fresh feather, and in 
tlw same order. But now, if we present the ex- 
cited wax to the feather which has received the re- 
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pulsive property from the i^M* or tho cxsHodiA 
to the light substaace which is in a state to N ii 
pelled by the w&Xt strong attractkA will be mi 
tested in both cases. ' i 

Moreover, we find from experiment that not m 
does the originally excited glass <nr wax attnci 
repel those light portions of matter, but they m 
municate, by contact, the same properties to tUji 
so that two feathers, aAer havug been attriMli 
will not only be repelled by the wax or gtaMM 
spectively, but will repel each other, and their e0 
ponent fibres will become self-repalsiTe:-bot>fl| 
feathers which have received the property 4f 
the different substances, though relf-repiilsimi4l 
strongly attract each other. This transfer of ^ 
er, it must be observed, is very diflferent from i 
process of original excitement.(36) « ■ 1*1 



(35) The annexed figure wfil eonvej Uk ides d Um 

n^en in its natiumi atate attracted by the eidlad glsH^I 





when in an dactiified state repelled from the aimilsiiy 
fiedrodL 



tj 
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MX). Simple as are these phenomena, they com* 

> the fi»t principles of electrical science. From 
1 we learn that the friction of glass and resin 
municates to these substances a state of activi- 
ith regard to other bodies, which is similar in 
wo cases, but opposite in its nature : that this 
I of activity once excited in them by friction« 

are capable of communicating to other bodies 
imple contact, and that it is manifested in all 
B by the mutual repulsion of similarly active * 
D8, and the mutual attraction of oppositely ac- 
bodies. 

3W these two states of activity it is obviously 
ssary to distinguish by some appropriate desig- 
m, and they might properly be termed the viu 
r and resinous, from the two substances which 
) first observed to possess the power of com* 
icating them. But in a subject so remote from 
Uustrations of common experience as is that 
lectricit^, it has been found necessary to do 
B than tms : to adopt some hypothesis, with re* 
to the subtle influence thus called into action, 
;h may serve as a clew to guide the student 
Dg the multiplicity of its phenomena. When 
1 informed thai there are two such theories, 
I which the facts may be explained with equal 
ability, he will need no other caution to distin* 
1 between the importance of the facts and un- 
ions, and the thread which is employed to 
g them together. 

M)l. It was imagined by M. du Fay that the op« 
;e electrical forces were peculiar to certain kinds 
latter ; that they were referable to two hiffhly 
ic, imponderable fluids, the particles of which 

> self-repulsive, but attractive of each other ; and 
one, which he called the vitreous electricity, was 
ys elicited from glass, and the other, which he 
ed resinous electricity, from resinous bodies. In 
orm in which the byrothesis of two fluids, which 
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goes by his name, is how adopted, it is g[re«t]^ in- 
debted to the obsenrations and modiicationsbf Mr* 
Synuner, who showed that when two bodies are Tab- 
bed together, both become excited ; and that one of 
them Sways possesses the vitreous, and the otSier 
the resinous virtue. The two fluids exist in all m- 
excited bodies, in a state of combination and neo- 
traUzation, when no electrical phenomena are »- 
parent. Friction occasions the separation of tas 
two fluids, and the electrical action continnea IDI 
an equal quantity of that kind of electricity wliMk 
has thus been withdrawn from the other, liaa Men 
restored and rennited with it. 

^ S02. Dr. Franklin proposed a different and nia 
less ingenious explanation of ^ectrical phenomeaik 
in some respects more simple than the piecediaf ; 
dependant also upon the properties of an imagtnaiy 
highly elastic fluid, which, upon his suppoeition, was 
single, and pervaded all matter. . This fluid is selP 
repulsive, but attracts the ultimate particles of mat* 
ter, which the hypothesis farther requires should be 
considered as self-repulsive when deprived of their 
natural portions of the electrical fluid. The 'Opp<K 
site states of electrical excitement, according to tiiis 
view^ depend upon the increase or diminution of this 
elastic fluid. When a glass tube is rubbed wiflt*a 
silk handkerchief, the electrical equilibrium of the 
fluid in the two substances is disturbed; the gUtfi 
acquires more than its natural quantity, and is ov^sr* 
charged : the silk retains less than its natural qnaa^ 
tity, and is undercharged. Thus, electrical repaH- 
sion takes place between two bodies^ both of wmoh 
contain more or less than their natural quantity of 
fluid, and electrical attraction is only excited be- 
tween two bodies, one of which contains more or 
less than the other. 

According to the theory of Du Fay, the two states 
denominated vitreous and resinous ; according to 
theory of Franklin, they are distinguished aa 
tive and negative* 
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^ fM^ It is quite obvious that both these hypoth- 
eses^Rmot be true ; and it is highly probable (in- 
deed, some of those best qualified to judge would 
say that it is certain) that neither of them presents 
us with the real process or mechanism of the phe- 
nomena. The progress of science begins clearly to 
indicate that the whole class of electrical facts will 
one day be included in some higher generahzatioa 
than either of those by which they are at present 
grouped together ; and, indeed, an attempt has been 
made (and according to mathematicians, who are 
best qualified to judge of such high exercises of 
reason, not without success) to connect, in one 
general theory, all attractive and repulsive forces, 
not excepting the universal force of gravity itself.* 
Such views, however, must not be presented to 
beginners in science, and probably it wUl not be in 
the present age that the teacher will be able to dis- 
pense vnth one or other of the scaffoldings, by the 
assistance of which the fabric of electrical science 
has been built up to its present dimensions and pro- 
portions. The hypothesis of two fluids has had the 
advantage of having been submitted to mathemati- 
cal investigation by M. Coulomb and M. Poisson; 
but even in the mathematical investigations it is 
easy to substitute one theory for the other, by a 
very simple transformation of the formulas. 

In making the legitimate use of either theory to 
assist him in attaining clear ideas of the connexion 
of the phenomena, the student should never forget 
that such hypothetical fluids may have no real exist- 
ence, and that the peculiar actions which he is call- 
ed upon to contemplate may be referable to powers 
with which matter may have been endowed, with- 
out the intervention of any such medium as has 
been imagined. Indeed, the late ra^ advance of 

« MosoTTi.— Soi lea ForceB qui viginent la Constitatioii io- 
t^neure des Coipa. 
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the sdonce seemi nther to oointiiiinc^ th|||ioif 
aimi^eTiewof thenifaject; and one of the gHbet^ 
Realties with which the teacher has to contend il 
present, is a certain conAuuon of iriew and of kn^ 
ipaj^e which ahnost neeessarilf attends tins transit 
tion state. After this explanation^ however* it is to 
he hoped that no difficnlty will be fek at the indlAi^ 
ent einpk>7ment of the terms vkrwuM and rmtumt, 
or positive and ntga^oe^ to denote those peenliar 
states of matter uy which the phenomena whkh 
have been just described are proonced. 

It is a necessary consequence of ^sither of tto. 
hypotheses which we have Just stated, tint one ^pei- 
cies of electricity can nerer be excUed widMMt A 
simoltaneons nroiduction <^ the other; andt hiiwt^ 
the opponte electrical states are always sochas ex- 
aetly to neutraliase (Bach oth«r in theroUber andtto 
body rubbed. This conclnsion is qnite borne oi|tlif 
ihe results of eiperiinent. Even with the gtaaatobo 
and silk, we shall find that it is not only the ^laae» 
but the silk also, which, alter friction, attracts tiie 
feather; and after the feather has been repelledby 
one, it wiU be strongly attracted by the oUier. Y^ 
shall presently find more perfect means of demon* 
strating the exact equality of the opposite foces. 

$ 204. After either electrical state haa been oo^ 
ferred upon a body, for instaiM^e, im the ^aai by 
friction, or on the feather by contact, it ml ruy 
riowly return to its natural state in a dry atao- 
sphere, unless it be touched with some other «d»- 
stance; but the nature of the substance bro^|^ 
into contact with it is by no means indifferent to 
the result. 'Hie naked hand will speedily reuMfo 
the electricity, or any metallic body still more read- 
ily; but dry glass, resins, silk, sulp^hMir, will not prove 
effective. From this difference in their power of 
conveying or conducting away the electricity, bodies 
have been divided into two great classes <m emdmC' 
^'Mv and nau'conduetors. In the formw* the 
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ftnds are supposed to travel with little or no imped- 
iment, and with a velocity infinitely exceeding tliat 
of the similar propagation of heat, and only c^im- 
parable with light itself; while in the latter their 
passage is obstructed ; they seem to adhere to tlieir 
substance, and to be incapable of transmission from 
particle to particle. 

Although we may thus classify all substances into 
conductors and non-conductors of electricitv, we 
shall, however, find the two classes passing by in- 
sensible gradations one into the other. There is, in 
fact, a progressive order in which all bodies may be 
arranged, beginning with that substance which fios- 
sesses either property in the most perfect degree, 
and proceeding through the gradations of other sub- 
stances to the opposite extremity of the scale. In 
the following table, the left hand column commen- 
ces with the most perfect conductors, and ends with 
the least perfect conductors ; the right hand column 
commences with the least perfect conductors, and 
ends with the most perfect : 



' Table XXIV. — Electrical Conductum. 

CONDUCTOBS. 

Metals. 

Charcoal, plumbago, dec. 



Fuaed chlorides. 

•* iodides. 

^ salts. 
Strong acids. 
Alkaline solutions. 
Wailbr. 
Akohol. 
Damp air. 
Vegetable and animal bodies. 



Spermaceti, 

Glass. 

Sulphur. 

Fixed oils. 

Spirits of turpentino. 

Resins. 

Ice. 

Diamond. 

Shell-lac. 

Oxalate of lime. 

Dry gases. 

Insulatobs. 



This distinction of bodies according to their con- 
ducting power, regards them as masses ; it is proba- 
ble that the constituent particles, whether of con- 
ducting or non-conducting matter, are individusdly 
conductors, and capable, as such, of receiving a 

Q2 
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chirge of electridty. hi this distinetidii w« I9 
{vesentad with a doae analogy in tiie t omim M 
of beat; for the partidea of aerifoim matter fM 
0y boeome faeattdy-altiioiigli heat tntfeli lumk 
Inein by condnetiea mXt the greateet diflbnltf; » 
^206. Theiii0taiitaneoi|Swa]rinwhidielBe«i 
passes ajionff a good condiictory and the adv^Bl^ 
wfaidi may be taken of the noiKodndnctrng piMM 
mi bodies to prevent its escape from snbataBoee)! 
which it may be reqmred to coidfaie it, may botfill 
shown by a Tffry shni4e e^ipenmeot. Saspwuji 
metallic wire of many yards in lengtl^by striiu^ 
white 8ilk« ftom any coofenient snpports» aaft fim 
to one of its extremities two strips of gold leafta 
that they may be parallel to Hmek othert and 1mm 
. in contact: present any excited bocKr to the cm 
\eztremity, and Ae siros of goid4eaf wiU iHl«al| 
'repel one another, SQO direrge; prorinft w hatdp l 
the length of tlm wife may bit tbiit the iiiflism s^i 
ooofined widiin its limits, sad instantiy penradas 1 
from end to end. If the wire be now oiTided, la 
a connexion be made between its two ends by til 
smallest possible Idop of i^, the electric foiawl 
be found incapable of passing throngh the interr 
of non-conducting snbstanee. We thus make m 
of this difference m the conducting power of bodh 
for the purpose of if^suliUion. By siqiporting gofi 
condvctmg substances ppon nonrconductors, we ei 
cause them to retain any electric charge whmh.11 
may communicate to ^m ; they thus become # 
(Off or insitfated £rom any ready channel by siMe 
the fluid might pass away, or attain to that state i 
equilibrium which it is always striving to efltoc 
Without this power the electric forces could scare 
ly have beea made the sut^jects of experimeatai ii 
frestigalion. 

When a nonconducting substance beocmies cba 
fB^ either by friction orpth^rwise, with eleetrieit] 
It will only partially give np the fluid on U» smfiM 
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to a non-insulated conductor at the point of contact ; 
but a clurged insulated conductor will instantly part 
with the whole of its charge. In the former case 
the fluid is incapable of moving from point to point, 
while in the latter it will traverse any space in any 
direction without apparent obstruction. 

If, again, a small charged conductor, such as a 
brass ball, be brought in contact with a smooth plate 
of resin, a portion of the electric fluid will adhere 
to the resin at the point where the two bodies 
touched, but will spread itself only to a very minute 
distance round. 

^ S06. It was formerly supposed that the two 
great classes of conductors and non-conductors 
■i^t be designated as non-eleetrics and electrics: 
the former name denoting a capacity of electric 
szcitement, and the latter a total incapacity; but 
this distinction is quite inaccurate. If we hold a 
lod or tube of metal in our hand, and rOb it with a 
silk handkerchief, it is quite true that it will ex- 
hibit no signs of excitation. The reason is, that 
both our bodies and the metal being good conduc- 
tors, the electrical fluid passes away as it is disen- 
{[aged ; but if we insulate the metal — cut it ofl*, that 
IS, from communication with the hand by means of 
a glass handle — ^we shall find that upon friction it 
wiU become electrical, like the glass or the resin. 
The friction of two metals together, provided both 
be insulated, will excite electricity ; and if we sift 
zinc filings through a copper sieve provided with a 
glass handle, we shall find that the sieve and the 
filings will be oppositely excited. 

4 207. The mode of ascertaining the existence 
and nature of any electrical excitement is very 
simple. For this purpose we have recourse to a 
beautiful little instrument, called the gold-leaf elec- 
trometer. It consists of two slip^s of gold-leaf, sus- 
pended from a brass wire terminating in a small 
plate, within a cylinder of glass. The wire is in? 
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BUlated bT the glass, and n 
hroDgh a glass tube c 
]]-lac and packed with silk. The leaves ■ 



effectuaUy by pasnng 
it throDgli a glass tube covered with a vamiah of 



made to diverge by contact with some body in a 
known state of ezciiement, as with a slick of seil- 
ing-wax rubbed with woollen ; if the approach of 



o determine, catue 
I, we conclude thtt it 
a the contrary, they 
8 a proof that it is in 



to this, as affording 
kind of force which 
also an accnrate 



the body, whose state v 
the leaves to diverge still a 
ia rcsinously electrical ; if 
collapse upon its approach, it is 
the vitreous state. (36) 
There is another mode, which is still preferatde 
"" '" " "' only an indication of the 
required to be tested, but 
re of its intensity. It con- 
sists of a needle of sheU-Uc sDspeaded from a flm 
thread of spun glass. At one extremity of the 
needle is placed a small disc of paper or other coD' 
ducting substance, which, being thus insulated, ii 
cap!ible of receiving and retaining a charge. When 
another electrified body is brought near to this, the 
hind of electricity which has been commumcated 

(30) Bflnnet'a goldleaf electromeler is here repreiected, tbs 
leai'ea being ia k state of divergence fiom a charge which kaa 

The improved mode of ioBulation introduced bj Kx. Singer 




la eAowd in the section a. The wire to which tlie gf 
■re attached pu«e« tluough > glsM tube packed w 

■ — "" ~"' "" '» uppet e 
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to it being known, it will indicate by its attraction 
or repulsion the species of electricity thus brought 
within its sphere of action ; and the intensity of the 
force may be measured upon a scale by the amount 
of torsion in the thread which may lie required to 
bring the two repelling bodies into mutusd con- 
tact,(37) 

^ SOS. Experiment has demonstrated, that the 
Bune^ substance is not always similarly electrified 
by friction ; but that its electrical state is determihed 
-tly by the condition of its own surface and partly 
the body with which it is rubbed. Thus flint* 
with a smooth surface, when rubbed with wool- 
cloth, becomes vitreously electric ; but if its sur- 
fyee be roughened, and it be rubbed with the same 
doth, it will be resinously electrical. 

Smooth glass, rubbed with every substance which 
has been tried, except the fur of an animal, as a 
catskin, becomes vitreous : with a catskin, resin- 
ous. 

White silk rubbed with black silk, metals, or black 
<doth, is vitreous ; rubbed with paper or the hand, 
resinous. 




*A 




(37) This cut repietents Coulomb's tot- 
sioQ-electrometer, or electrical balanca a 
6 is a thread of silk or span glass, from 
which the needle of shell-lac, c, is sas- 
pended. It is attached to the screw, 6, bj 
which it can be twisted romxl its ads. The 
needle carries a gilt ball of pith or a disc <^ 
paper at one extremity, which is balanced 
oy a counterpoise at the other ; J is a metal- 
lic wire passmg through the glass shade^ and 
terminated by a metallic ball at each end. 
The ball of the needle and the interior brass 
ball of the wire are brought into contact by 
turning the screw, 6, and the index then 
points to on the scale, which is marked 
upon the circumference of the glass. 
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Sealing-wax, robbed with the matalii is Titreont 
with doth, paper, or the hand, reainoiia* 

& d09. It was first observed by Otto de Goeridu 
ana Hawksbee, that the firietion of jiass and resin- 
ous substances not only produced tne phenomem 
which we have just described, but, under &Toanfali 
circumstances, was accompamed by a rustling oi 
craclding noise; and, when the eaq>eriment wai 
made in a dark room, ^flashes and spaiks of lu|b 
upon their surlaces. When once the attention hai 
been directed to the observation, most persons wU 
find that such phenomena of electrical light are £» 
miUar occurrences, and often present thenwelves ii 
suddenly drawing off from the person a silk stodk- 
in^ or a flannel waistcoat, or in the friction of lone 
luur by combing. How small a degree of frictimi 
is sufficient to excite electricity in the human body, 
is shown in a striking way by placing a person upoii 
an insulating stool with glass leger. If in sucn a 
position he place his finger upon a gold-leaf elec- 
trometer, and another person flip him lightly with a 
silk handkerchief, the leaves will iamiemately repel 
each other. 

^ 210. We may now proceed to describe the 
means of producing these effects upon a large scalSf 
and the different modes which have been devised 
of exciting, collecting, and measuring the electilo 
fluids. 

Tlie electrical machine, as it is called, whatever 
form it may assume, resolves itself into a more or 
less perfect way of applying to glass the friction of 
silk or some other dissimUar substance, as in oar 
fundamental experiment, and of drawing off the 
electricity as it is excited, and collecting it in a 
good insulated conductor. In machines of the more 
perfect construction, not only is the vitreous eleo- 
tricity collected in what is called the prime con- 
ductor but the resinous also is accumulated by ifr 
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nlating the rubber and connecting it with a metal* 

LG cylinder. (38) 
Experience has shown tha^t the most effective ex- 

(38) The following figure represents the cylinder electrical 

■o stout glass pillars. B a, strongly lixed upon a wooden frame. 
[ IB made to revolye rapidly, by means of Ihe multiplying 
rbeels i and K. c c are two brass cylinders, supported upon 
no glass pillars, D D, in a position parallel to the glass cylin- 




ter; to otM of these a cushion r with a s Ik flap o k altacbed 
rbich is made to press against the g ass by a spnng lis dis 
■Dca bein; capable of adjuslmect by means of the screw H, 
The opposite Inaas crlmdei has a row of points attached to it 
o which the 8ilhflsp,o, extends. The latter goes by the nima 
i the prime condnclM' or the poaitire cocductor ; the fonnei 
> dittinguished as the negUire conductoi. 
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niter of elm ia a metallic mbetance ; and wha 



imoi 



clan ia a . __. 

lal^am of mercuiT, tin, and ^no ia qm 

tiie mbber, it forms a flenUe metallie Hnfl 

J is perfectly adq>ted to the purpose and gn 

It hei^tens the e&ct. The best pn^mitiona 
ue metals hare been fonnd to be <me put <rf tins 
two of line, ftased together, and mixed while fl 
with six parts of mercnry The miztore mnat ft 
be triturated in s mnitar, with ■ little laid, to t 
conslBtence of a thick paste. fJFhen large ojl 
den or plates ot fSaa are made to rotate Irf oi 
Tenient mechaldcal menns, preasinff afainat om 
ions covered with this metame eoalmg^tlinmwi 
pable of prodncbff all the jdienoraaia o^ utaetl 
and repulsion in a high degree, and tbeir atata- 
inteuBs excitement is accompanied by flashes a 
sparkB of briSisnt light, and a crackling sonnd.^ 



(39) The Plato EIsetiieidHBCliiiisltBsusdbdoir. 
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When the prime conductor is placed in its proper 
position it receives from the glass, without contact 
with it, a charge iu the form of a stream oif fire, 
which, whatever may be the size of its surface, 
rises to nearly the same intensity as that of the 
original source ; and which, being thus accumulated 
in quantity, will wholly pass off at once to any un- 
insulated conductor, or will instantaneously divide 
itself with an insulated one, by means of a dense 
spark. Similar phenomena may be obtained with 
the conductor attached to the rubber ; but to obtain 
the highest effect from either, it is necessary to 
Buike a good conducting communication from the 
other to the ground. The reason of this is, that 
when the two electricities are in presence of each 
other, they counteract and limit each other's inten- 
sity : by connecting either condudlor with the earth, 
its charge is spread over an indefinitely large sur- 
face, and virtually annihilated. That the two con- 
ductors are in opposite electrical states, is easily 
proved by suspending from each some light sub* 
stances, which will strongly attract each other when 
chareed: and that the two charges are exactly 
equal, is shown by making a good metallic commu- 
nication between the two, when all signs of excite- 
ment will cease in both. 

^211. And now, it may be asked. Where does the 
charge reside in a good insulated conductor? Does 
it diffuse itself, like heat, throughout the whole of 
its substance, or is it confined merely to its sur- 
face! That it is merely superficial is susceptible 

drcular glass plate, mounted upon a brass axis, and turning in 
a stoat wooden frame by means of the handle f ; as it re- 
volves it passes between two pairs of eashions » b, which are 
Messed lightly against it by me^os ot screws ; c is the brass 
prime coMuctor, supported apoD the stoat glass arm d ; it is 
armed at its two extremities, which are opposed to the plate, 
with two rows of points, which meet the ewis of the two silk 
flaps B B, which are attschod to the eoshions b b. 

R 
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of proof in several ways. If we take a solid globe < 
of metal, and electrify it to a certain amount, and 
then bring it in contact for a moment with a globe 
of similar dimensions, made of the thinnest shell 
of the same metal, we shall find that the charge 
will distribute itself equally between the two. If 
we take a hollow sphere, with an aperture at its up^ 
per part, and, having given it a charge of electricity, 
touch its interior with a small insulated ball, upon 
bringing this proof-ball in contact with an electro- 
scope, we shall find that it will afford no signs of 
having received a charge ; but, on the contrary, if 
we touch the exterior of the sphere, it will carry 
away a part of the charge with it, and affect the in- 
strument. 

How much the intensity of the electric charge 
depends upon th^ surface, may also be very ele- 
gantly shown by means of a metallic riband, coiled 
up by a spring upon the top of a gold-leaf elec- 
trometer. When this apparatus is electrified, the 
leaves, of course, repel one another in proportion 
to the charge which they receive. If the riband 
be now drawn out by a silk thread or other insula- 
ting handle, the leaves will approach each other in 
proportion to the enlargement of the surface over 
which the electricity becomes diffused ; and, as it 
again coils itself up, they will expand to their ori- 
ginal amount. Here it is seen that, the quantity of 
the charge remaining the same, its intensity de- 
creases with the increase of the surface over which 
it is suffered to diffuse itself, and that the quantity 
of electricity which a given portion of matter may 
receive depends upon the dimensions of its exter- 
nal surface. 

^ 212. The next question which presents itself is. 
How does the electricity arrange itself around sur- 
faces of different forms 1 in a layer of equal inten- 
sity in every part, or otherwise ? This question is 
readily submitted to experiment by means of a 
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small insulated disc, which, being applied to any part ^ 
of the surface of an electrified conductor, becomes 
virtually a part of that conductor ; and, upon being 
removed, carries with it a portion of the charge, 
having the same intensity as that of the point to 
which it was applied, and which may be measured 
by the torsion electrometer. 

In this way it has been proved that, in the case 
of an electrified sphere, the intensity is the same at 
every part of the surface ; but this is the only form 
of surface upon which this equal distribution takes 
place. If two similar spheres be placed in contact 
with one another, it will be found that there are two 
points of greatest and equal intensity on their oppo- 
site sides, in a line with their points of contact 
where the force will be null. So in a cylinder or 
bar of metal, the electrical intensity will be much 
greater at the two ends than in the middle, and this 
inequality of distribution will increase very rapidly 
in proportion to the diminution of the diameter of 
a cylinder of given length. 

If two balls of equal diameters be placed to- 
gether, the maximum intensity of the extreme 
point of the smaller sphere will be higher than that 
of the corresponding point of the larger ; and by 
adding a series of balls in contact with each other, 
all gradually decreasing in size, the intensity will 
increase upon the smaller as the diameter decreases. 
We can conceive a succession of such balls grad- 
ually diminishing till thd series ends in aniere point, 
at which the electric tension will be at its maximum. 
In consequence of this law of distribution, a pow- 
erful dispersion of electricity takes place from all 
bodies of a pointed form ; the intensity upon them 
increasing to such an extent that the surrounding 
insulating medium of air gives way before it, and 
no longer suffices to constrain it. 

^ 213. Our attention has hitherto been directed 
to the electricity which is developed upon the sur« 
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faces of two dissimilar substances by mutual fhc- ' 
tioD, or which has been transferred to other bodies 
from such excited substances by contact and direct 
communication. We have now to examine a re- 
markable influence which an electrified body exerts 
upon other bodies at such distances from it as pre- 
vent the direct transfer of any portion of the charge. 
The neutral state of an insulated conductor in its 
immediate vicinity will be destroyed. If it be in 
the form of a cylinder, furnished with electroscopes 
at each extremity and also at its centre, when one 
end is placed near the charged substance we shall 
find the two extreme electroscopes indicating elec- 
trical activity, while the centre remains quiescenU 
Upon slowly withdrawing the excited body, these 
secondary electrical si^ns gradually decrease, and 
finally disappear upon its complete removal or dis- 
charge. Upon examining, by the proof-plane and 
torsion electrometer, the kmd of electricity de- 
veloped bv this distant influence, we shall find that 
the end of the cylinder which is the nearest to the 
originally charged body is in an opposite state to 
that body, and the farthest end in the same state ; 
that the cylinder has, in fact, had a polar state com- 
municated to it (^ 15). This distant action of ao 
electrified body, by which its own charge is in no 
degree lessened, is distinguished by the name of 
induction: the secondary state of the neighbouring 
body is called induced electricity : and the lH>dy itself 
is said to be under induction. Farther, the original- 
ly active body is conveniently distinguished as the 
inductive body, and that under its influence as the 
inducteous body. (40) 

(40) Let a represent an electrified ball, and 6 c an insulated 
metallic cylinder near it, the feather attached to the end, 6, will 
be attracted, and show that it is in an opposite state to that of 
the charged ball If d e be an insulated cylinder, placed near 
the first, it will also show signs of electrical change, and the 
extremity, d, will be in an opposite state to the end, c, of the 
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other, and the intensity of all will rise hj c 
ins the last with the ground. 

The arrsngement which strips of conducting sub- 
stances, tied togetlier and electrified at one end, 
assume, indicate the direction of the lines of in- 
duction and the influence of surrounding objects- 
Strips of paper, placed upon a long rod in connex- 
ion with the prime-conductor of the machine, in the 
centre of a Urge apartment, will open out equallf 
Uke radii from the centre of a sphere; but if any 
conducting body be approximated to them in their 
charged state, they will incline towarda it from the 
concentration of the force upon its nearer anr- 
face.(41) 

Even the prime conductor of the electrical nu> 
chine itself may be of such a construclion as to af- 
ford proofs of no electrical charge upon sume por- 
tions of its surface, while strong sparks may be 
drawn from others. If we place eight or ten metaL 
lie rods upon it, each terminated with a ball, and all 
diverging from one common centre, strong sparks 
may be drawn from each extremity, while the sur- 
faces of any of the interior rods of the group may 
be tested with the proof-plane, and will give no in> 
dicationa of charge. 

f) 31S. Induction requires no sensible thickness 
in the conductors which may be used to limit its ax- 
teat; an uninsulated leaf of 
gold may be made very hi^y 
vitreous on one side, and as 

(41) This i> illQBtntad br tha ri- 

..iculouB figure of the A«KJ^kur, 

which i> a commoa eleccncsl (i- 

iL When slectrilied, tlw 

ui... ...oda on eiid ; lod each Sbn, 

u if in * lUM of repulsian from iU 
bbour, it attracted by, sod !■• 
« towirdi, tha point which i> 
est to it in Iba oppotitelr io- 
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highly resinous on the other, without the least inter- 
ference of the two states while the inductions con- 
tinue. But with regard to the insuUting media, their 
thickness has an immediate and important influence 
OQ the degree of induction. There is, per.^&p^. no 
distance so great that iuduction cannot uie pli:.':^ 
through it; but, with the same original cr.4/z^ '.r 
constraining force, it takes place ine m>re ^-ct . v 
accorxling as the extent of the m^ztLim. :i.-". ^\ 
which it is exerted is lessened. Th^: yLr^,jA. ',' 
the latter, though thrown into a forc«c "xo:.^.'. 
during the action, tend to return v> \ rc^-z^i^ ^u.^, 
and the fewer there are txtr^zji \z^ vsri^vsr-^-.; 
the higher will be the condt^'v!! v^j kJts^^'s.ft <.^: 
the larger the amount of ind^^r^Yt W^.*-.. 'n.^cr^, 
through them. 

^216. If an insulated braM ^\jcJi v^ v.ir.pr--*^, 
with a gold-leaf electro mrVrr. i w^s^* v* 'ea-;.-. .. - 
may be communicated u> .^ v./^-. m ^ -^, ^^-i^..^'^, 
in consequence of in'i lienor. v.Tfvii^'. /.a*..- ..'•-s-.'-i. 
distant surrounding or-.^-r-t ii/: jx iij^-ic. ; r .. ./-. 
indicated by the Civ«ir*«:v^ v.' ->t **5t- r- ^" .^c. 
iathi8 6tate,lf anoiher e^..^ >i^^ ^.i^. l^izv^iA*0^. ^ 
opposed to it, as it U raai^ v* tpy--.-.--.Uit;*», *w i :.*- 
leaves of the electrox^vt? » .L lul ::p. ;/'.v^» j 
induction being difec'.««: ^..tuvt*. viivi-; wr.Mu^.. :.i'. 
thin inierrening fe'rk;:.-.:::^ ^jC i^ «v :u^ iA3«'.>7r u^^j- 
which will itself bi!; in v:^ ^-.^.^u ti^t:.^ ^' iu>, i»-.",^^, 
plate be now ttninv«»v>s;C '.7 vjuuv^.m^ 1 » i:i :.i>. 
ground, the leafe% 11 ..^ tt^. ^^''-u^ vjiLciVact oc '.iA 
electricity of th^ istrL^ k..'^' v/a ^ias, v^ '.m iuou*- 
tive body will bh T.rt ..4^.7 v.;:udUft.^K v} ^^^vog^fl 
over the indefini'jk.y j^r^e ¥i;.<M^ v^ ;ut ^ru^ii 
When the secocvi pai« ft ^p?ba »i;uc^Ji^»t *.ia 
leaves will reopen to ti:^r luf im^ 4iri:>Hx: tui^ 1*^1.1114 
that the inductive ^r^^ut^m iott n^vxuvi xa. \\*'Xif.-' 
direction. 

^ 217. The indociive phSU;* wiw^ uufM 1^ .-.^^ii- 
ence of the second ptoie, » tt$mm0 fA pw^^ta^i \ 
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higher charge of electricity, and the leaves of the 
eleclromeier majr be made to open out lo the same 
amount as in the absence of the latter; 'for the 
charge will not only be sustained by the indncteona 
plate, but also by surrounding objects as hefbre it 
was placed in ita position. When, under these cir- 
cumstances, the second plate ia again removed, the 
accumulation which has been effected will be indi- 
cated by an expansion of the leaves far beyond 
their original amount, the whole being now thrown 
upon the surrounding conductors. 

This is the principle of the action of an instrn- 
ment which has been called the conderuer, by which 
small quantities of electricity may be accumulated 
and rendered apparent, (4S) 

^ 318. The attraction of bodies free to move, by 
Others in an electrified state, is in all cases owing 




A condenaei, similar to tb 
in tbe iireceding ligiiie, 

gold-leaf electrometer. 
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to the preTioos dereiopmeii: of :ik oi)9UBrir«: ^oir- 
dition by indoctiozL This » i»e&u:zful-r sii:*v-i. u, 
in arrang^meDt of Mr- S. Htrrjb. il piucl t ri-rrt- 
lar plate of gilded wocvi is Bij£;*ea6«rc rv uismniiuf 
threads from one of ibe arms of t 6*riim;« iai:aD'j<^ 
ind counterpoised. Upon iis rppf r BnrfaK is frxec. 
by a hioge-joiot. a smali lerer of r.r&ir '«*-nniixa:!iir 
in a pith-ludL When a sinLLlaT p'sMTJt ?tni?pec a 
broaght under this snspeodcid plate, tin: piiZr-mtL iir- 
dicates bj its repulsion the imucjfxt irjuj/t wvtvL 
precedes the descent of the plaie from zta anrarr: ■« e 
force. When they come in coa:&?i. im orifiin^ 
charge is divided between the iwo pila%ei. aoc'mi^ 
taal repulsion appears to take j^aoe. Tnis appar^u: 
repulsion again is dependant upon tbe ar.racij'jL i*f 
each in opposite directions, br tbe iacucirre ^^.i'jl 
which it exerts upon sunxNiDdini? totiiet. 

A pith-ball, or other light acbsiarrce. piac^ u>9l a 
conducting surface under as ekdrided pjc/t. is e-i^^ 
trifled by induction, and dravn cpvarc : but v^etk 
it comes in contact with the plai>e.'r.% izt^ucuffC ^Jtrjt 
is destroyed, it is charged with sitL^ar ei<Mrtn?::r; 
is attracted downward, and pans w::*^ lU ctca?i?e. ' 

In a similar way induction always precedes zza 
charge in insulated conductors, and rbe pri-zke ccm- 
doctor of the machine has the resinoos sta!« r.ror:g- 
ly elicited upon its point preriously to i\% lut^jmizl^ 
charged ¥dth the vitreous electricity of the ^xf:i>A 
glass. 

^ 219. There is another instrument of electrical 
research, called the eleclrapharus, which is well cal- 
culated to illustrate several interesting points of the 
process of induction. It consists of a plate of res- 
mous matter, about half an inch thick, placed upon 
a piece of metal. A second polished metal plate, 
of rather smaller diameter, is fitted with a gla<»s in- 
sulating handle, by which it can be lifted on or off 
the upper surface of the plate of resin. When the 
resin has been excited by gentle friction with dry 
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fur or flannel, and the plate placed upon it by it« 
handle and immediately removed, it will be fomd 
to have received a very feeble charge of renoow 
electricity by contact. If it be then replaced and 
uninsulated by contact with the finger or a metaUie 
rod, and again lifted by its insulating handle, itwiU 
be found to give a strong spaHt of vitreous elecfri* 
city. This process may be repeated an unlimtted 
number of times without reNquiring any fresh exci- 
tation of the plate, which circumstance, as well m 
the opposite nature of the charge, shows that tha 
electricity of the moveable plate is notderiTed-in 
the way of charge from the resin, bpt is the miril 
of the process of induction. The metallic jMbp 
cannot, in fact, be considered in absolute contasl 
with the resinous, owing to the inequalities of ; As 
surface of the latter : the former, therefore, is pi^ 
cisely in the state of a cdnductor opposed ia, bat 
not touching, an electrified surface ; and, therefionre^ 
capable of being rendered electrical by induction 
when uninsulated by contact of the finger. As the 
resin loses but little of its acquired charge by each 
contact, the instrument is capable of being used as 
a permanent source of electricity aiways at com- 
mand, and in a dry atmosphere wiU remain in action 
for many successive months. (43) 
' ^ 220. When the electrophorus is placed uponw 
insulating stand, its lower plate is always found •in 
an opposite state to the upper one ; proving that tb* 
friction of the upper surface communicates a peter 
state to all the particles of the resin which pene- 
trates even through its mass. 

(43) This figure represents tlw 
electrophorus. a a are two metallic 
plates, and b a plate of resinoias mat- 
ter. The upper metallic plate has 
an insulating handle, c, bj which it 
can be lifted ftom its poaitton, aad 
replaced. 
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This charge it is necessary to remove by contact 
with an insulated substance, to give full efiect to the 
opposite charge upon the upper plate. 

f 321. The phenomena of induction, which we 
have been examining, we have considered princi- 
pally as produced by the intervention of the aerial 
molecules of our atmosphere : we must now enter 
npon a closer investigation of the inductive proper- 
ties of other insulating media. Liquid oil of tur- 
pentine is capable of undergoing the same polari- 
zation of particles as an insulated conductor ; and 
we have had reason to conclude from one of the 
properties of the electrophorus, that resinous solids 
are susceptible of the same forced arrangement un- 
der the influence of an excited charge. AU insulating 
snbstanceSf or substances which are capable of this 
peculiar development of the two opposite electrical 
forces, whether solid, liquid, or aeriform. Dr. Fara- 
day classes together under the name of dielectrics, 

( 5323. We have seen (^ 316) that, by approxima- 
ting a metallic plate to a charged conductor, so as 
to leave an intervening portion of air, the conduc- 
tor is capable of receiving a higher charge, and the 
air of assuming a higher polar tension, than when 
the charge is sustained by distant objects in ordi- 
nary circumstances. The tension increases with 
the thinness of the aerial stratum, and is in inverse 
proportion to the squares of the distances of the 
two plates. It is necessary to the attainment of 
the maximum effect, that the second plate be insu- 
lated ; tiiat is to say, that it be prevented itself from 
assuming the polar state by the annihilation of its 
remoter associate force, by the reaction of which 
the induction would otherwise be limited : or, more 
accurately speaking, by allowing it to diffuse itself 
over the indefinitely large surface of the earth, 
thereby proportionately lowering its tension. The 
rise of tne force, under these circumstances, is ul- 
timately limited by the mobility o£ t\ie ^^i\lv^\^% ^l 
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the air, in conseqaence of which Uw egoililiiiiiar |i 
restored either silently or in the form of a spariL 

But if a solid dielectric be substituted forthe aiff 
the state of tension is capable of rising to a deme 
limited only by ito cohesive force. Thus, if a piiMv 
of g[la8s be coated on both sides with tin foil, withni 
an inch or two of its edge all round, and one aidia 
be placed in connexion with the prime conductor 
of the electrical machine, we ahall have an e3cao% 
similar arrangement to that of the two platea of tM 
condenser, with its interposed stratum of air. UpM 
connecting the opposite coating with the gnmndl^ 
destroy its polar state, the particlea of the glaaa wm 
forced into a polarised or constrained eoDOttioali^ 
the electricity of the charginff apparatus ; whieb * 
sustained till the return of these particlea to their 
natural state from their atate of tension, whenever 
the two electric forces are allowed to neutialii* 
themselves by some other channel, as by the iaieiw 
position of a good conducting body between the coat* 
ings. The quantity of force which may be thus ac* 
cumulated may in some degree be estimated by the 
number of turns which it may be necessary to give 
the machine before the intensity, as measured by 
the electrometer, rises to the same degree as th^ 
which is* almost instantaneously communicated to^ 
the conductor, when the charge is sustained alono 
by the inductive medium of the air to surroundinf 
objects, and will be found to be in proportion to the 
coated surface of the glass. (44) 

^ 223. There is no difficulty in perceiving that liie 
opposite surfaces of the dielectric and conduelore 
may be arranged in different forms without impair- 
ing the effects; and experience hae 
proved that eoated jars or bottles are 
the most convenient for ext(UMiiTe 

(44) A plate of ^lass is here repi 
with a coating of tin foil, to which a 
one on the c^poeite aide coireapoods i|. 
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rrata8 of this condensing kind. The bonour of 
diBcovery of Ihe means of accumulating elec- 
bicity 16 generally given to a Dulch philoaoplier of 
ibe name of Muschenbroek, who resided at Leyden, 
tod hence the name of the Leyden jar, by which 
the arrangement is commonly known. He institu- 
ted some experiments for the puipose of ascertain' 
ing whether a charge might not be given to electri- 
GmI bodies, by surrounding them with more perfect 
non-conductora than the sir; and with this view be 
attempted to charge some water contained in a 
glass vessel. An iron nail passed through a cork, 
tod communicated with the water in s vial, which 
was grasped in the hand. After holding the nail for 
tome time in contact with the prime conductor of 
Uie machine, he attempted to remoTe it with the 
other hand, and experienced a violent concussion in 
the arms and across the breast. This experiment 
soon became popular, and the sensation it produced 
was called the electric shock. The first experi- 
menters gave ludicrous and exaggerated accounts 
of its effects, which served to excite curiosity to * 
very high degree : and in the very year of its dis- 
covery it was shown by itinerant exhibtiers in 
every part of Europe. The princlplea upon which 
this accumulation or power depended* werf not, of 
course, nnderatood ; but it is now obvious tliat the 
water in the vial, and the hand which grasped it| 
acted, although more imperfectly, as the two coat- 
ings of the glass. When the nail was 
touched with the other hand, a good 
conducting communication with the 
two surfaces was opened, by means of 
the fluids of the body throush which 
the tension and polanty of tne forces 
were destroyed. (45) 

(4S) "nil iitbaDnulfoini oftba Leaden jst 
Tne murioT costing Tmcbci np U> atarij tit* 
ntna height u ths siMiiot, HM la in mcisUk 
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The quantity of electricity which may be acciH 
mulated in a Leyden jar depends upon the extent 
of its coated suriace ; its intensity^ upon the thin- 
ness of the glass. 

^ 224. When large quantities of electricity are re-> 
quired for experiment, it is found more convenient, 
in general, to employ several jars instead of one ; 
and a number of jars arranged together, with their 
internal and external coatings respectively in metal- 
lic communication, is called an electrical battery. 

In practice it is found impossible to diminish the 
thickness of the glass beyond a certain extent ; for 
the constrained position of its polarized particles 
becomes at length so extreme, that the cohesive 
force itself gives way, and the charge passes with 
violence through a hole which it pierces for itself 
in the weakest part of the plate. 

^ 225. A method has already been indicated 
(^ 222) of roughly estimating the quantity of elec- 
tricity in a charge, by the number of turns of the 
electrical machine. Its intensity may be approxi- 
matively determined by the amount of repulsion be- 
tween any two moveable bodies under its influence ; 
or, rather, by the amount of their opposite attrac- 
tions by surrounding bodies under their inductive 
influence. An instrument was contrived by Hen- 
ley for measuring this effect upon the graduated 
arc of a circle. (46) 

^ 236. But we are indebted to Mr. Snow 
Harris for an accurate instrument for as- 

communicationwith the brass ball by means of a wire 
passing down to the bottom. 

(46) The Quadrant Electrometer is here represent- 
ed. It is screwed upon the jar or battery whose 
charge it is intended to indicate ; and as it incressesi 
the light index, composed of a straw and termiiwted 
by a pith-ball, moves from its centre of suspension, 

Y and measures the intensity upon the graduated 

I circle. 
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certaining this important point, founded upon the 
following principles. 

From what has preceded, it will be obvious that, if 
a Ley den jar be insulated, it will be incapable of re- 
ceiving a charge of any considerable amount. In 
proportion as the vitreous electricity is communi- 
cated to its interior coating, it is necessary that the 
same quantity should be removed from the exteri- 
or, which would otherwise counteract the resinous 
electricity by which the charge is sustained. This 
may be effected by connecting it with the ground 
or with the coating of another jar, which wUl thus 
also become charged, provided its exterior coat- 
ing be uninsulated. A long series of insulated jars 
may thus be charged from each other, provided 
the opposing electricity of the last be withdrawn : 
and we thus obtain a polar arrangement through 
glass of a precisely similar nature to that which we 
formerly obtained through air, but of a much higher 
degree of intensity. (47) 




(47) Let 6 be a Leyden jar stand- 
ing upon the dass support a. it will 
receive no charge from the prime 
conductor unless a deducting com- 
munication be made with its out- 
side coating and the earth. If an 
uninsulated second jar be placed at 
c, the electricity which passes ofif 
from the outside coating of b will 
charge c, and for every spark which 
passes from the prime conductor to 
I, a similar one will pass from 6 to (f. 



X polar airangement of three jars 19 l)eie shown, in which the 
extremity, p, of i3ie prime conductor is podtiveiy electrified. 
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If a very small jar be thus connected with a 
large one, the quantity of electricity which is suffi- 
cient to carry the charge of the first up to a high 
degree of intensity, when diffused over the larger 
surface of the second, will scarcely be appreciable ; 
so that it will require many charges of the former 
to charge the latter to the same degree. This it 
the principle of Mr. Harrises unit jar. Instead of 
transmitting the electricity evolved by the machine 
immediately from its conductor to a large jar or 
battery, he communicates the charge from the out- 
er coating of a small jar furnished with a dischar- 
ging rod, by which the distance between its two 
coatings may be regulated and measured; and by 
the number of explosions, that is to say, by the 
number of charges which have passed from the 
smallar jar, the quantity accumulated in the batteiy 
may be very accurately estimated. By diminishing 
or mcreasing the distance between the discharging 
surfaces, the value of the unit may be varied at 
pleasure. (48) 

The balls, p p p, connecting with the interior coatings of the 
jars, a be, are also positive, and the exterior coatings, n n n, the 

:z©'?<ife<"?<iE>»<i 
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last of which discharges its positive electricity to the ground, are 
negative; or, it should be rather said, that the opposite surfaces 
of the glass with which they are respectively in contact are in 
these opposite states. 

(48) The Unit Jar is represented on next page, mounted upon 
an insulating stand, /. A communication is made with the 
prime conductor of the machine and the exterior coating by the 
wire g b, and the interior coating is connected with the interior 
coatmg of the jar to be charged by the wire a d. The value of 
the unit of measure is determined by the distance between the 
balls c and <£, or the striking distance of the spark. The effisct 
of a spark from c to d if to neutralize the coatings of the ooit 
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^2S7, In the usual construction of the Leyden 
jar or battery, the stem or wire by which the charge 
IS communicated to the interior coating is left at- 
tached to it ; the consequence is, that the induction 
does not take place solely through the glass to the 
opposite coating, but is partly directed through the 
air to surrounding conductors; this portion has 
commonly been called /re^ charge. It is only, how- 
ever, so far free as that it is not supported by the 
particles of the glass between the metallic coatings, 
but by those of the air intervening between one 
coating and surrounding objects. When a charged 
jar is insulated, this free charge may be removed 
from the interior by contact with a conducting 
body, when a corresponding portion of free charge 
of tne opposite kind will make its appearance upon 
the outside coating, owing to the induction which 
will now be at liberty to direct itself from that part 
to surrounding objects. By successive alternate 
contacts, the whole of the charge may ultimately 
be removed, and the glass return to its natural con- 
jdition. 
The exterior conducting communication may be 
so contrived that it may be removed 
after the charge has been communi- 
cated, and then the induction will be 
determined entirely through the glass, 
and the charge on one side will be 
sustained by an exactly equal quantity 
of the contrary electricity on the oth- 
er. All interference of surrounding ob- 
jects being thus cut off, the jar will re- 
tain its charge for an indefinite period. 

jar, and to distribute a corresponding quantity 
of electricity over the surface of the large jar. 
On giving a second charge to the unit jar, the 
large jar receives an increment equal to what 
it received from the first charge, and the second 
spark only neutralizes the charge of the unit 
jar as before, &c. 

S2 




OHIRQB or OLAM* 

. That the ehaige of the LeydeQi Jar ii di 

j^ t entirely upon Uie dielectric glass, and n 

apon the conducting coating, is proTed by construe 
ing a jar with moveable conductors. If such a 
apparatus be charged, the interior lining may I 
lifted out by an insulating handle, and the Jar itssl 
raised from its exterior metallic case, and stU! di 
charge will remain. In this case the superfid 
rows of particles on both sides of the dielectric b( 
come charged by the intenrention of the matt 
plates, and retain that charge after they are rem 
Ted ; those on one side being in the opposite stat 
to those on the other, and the immediate jpartlcb 
in a polar state. The only use of the coatings is t 
furnish a ready means of communication betwoe 
the charged particles, by which the opposite !c»e« 
may be neutralised at the same moment when A 
circuit is completed between them. Without th 
coatings, the jar may be discharged, as it wen 
piecemeal ; but, upon replacing them, the discharg 
will take place in the usual instantaneous way. 

Neither are the coatings absolutely necessary t 
the charge of a glass plate. If a clean dry glass Ja 
be held over an electnfied metallic rod, the point o 
which is brought opposite different parts of its sm 
face, it will become charged ; and if metallic coal 
ings be then applied, it may be discharged at once 
or, if it be placed upon a metallic plate, over som 
pith-balls or other light substances, they will be at 
tracted and repelled backward and forward, and ei 
feet the discharge of the electricity, which induce 
from the interior towards the plate. They wil 
then remain at rest ; but if the electricity, which ha 
now been disengaged upon the outside towards sui 
rounding objects, be removed by a touch of th 
hand, a fresh portion will be set free on the inte 
rior, and the attraction and repulsion of the ball 
will again take place ; and thus, for many timaa auc 
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cessively, the action will be renewed until the glass 
returns to its natural state. (49) 

^ 829. The discharge of a Leyden jar or battery 
may take place quietly through a conductor of elec- 
tricity. This conductive mode of discharge involves 
no chymical action or displacement of the particles 
of the conductor. It may make its way forcibly 
through insulators and less perfect conductors. In 
this case the discharge is apparent, producing a 
dense bright spark, and is said to be disruptive. 
When the discharge takes place from a good con- 
ductor to one less perfect, the light may take the 
form of a brush, and finally, under some circum- 
stances, the discharge may be slow, exhibiting a 
steady but faint luminous appearance or glow. The 
latter mode of discharge is always attended with 
a current in the air, or any other fluid medium 
which may be present. 

^ 230. Even in the best conductors, the passage 
of electricity is resisted. Thus : the substance of 
a wire may be so reduced, or the quantity of elec- 
tricity so augmented, that the metal may be fused 
by the great heat evolved, and scattered about 
with violence ; and the resistance may even be suffi- 
cient to stop a portion of the charge. To produce 
this effect, it matters not whether the quantity em- 
ployed be diffused over a large or a small surface, 
or what its original intensity may be, the same 
quantity will always fuse the same length of wire. 
Thus, if we measure a certain quantity of electri- 
city into a Leyden jar by the unit jar, so that the 

electrometer may indicate a high de- 
gree of tension, and measure the 
same quantity into a large battery, 
where the electrometer will exhibit 

(49) An electrified bell-jar is here repre- 
sented, placed upon a metallic plate, and the 
pith-balls in their state of alternate attnction 
and repolsioiL 
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a very low degree of repulsion, the effects upon a 
wire through which the two charges may be directed 
will be precisely equal. The intensity, in fact, in 
the wire, which is insufficient to carry the whole 
charge in either case, rises to the same degree. 

^231. As the expansive force of the discharge is 
manifested even in good conductors by the fusion 
and dispersion of metalUc wires of insufficient 
thickness, so may it be exhibited with equal or 
greater violence in bad conductors, by a variety of 
experiments. 

Place a card or some leaves of a book against 
the outer coating of a Ley den jar; put one extrem- 
ity of a discharging rod against the card, and bring 
the other extremity to the knob of the jar; the 
charge will pass through the paper and perforate it, 
producing a small bur or protrusion on the side next 
the rod, and a larger bur on the side which was in 
contact with the coating. 

Drill two holes in the ends of a piece of wood 
half an inch long and a quarter of an inch thick; 
insert two wires in the holes, so that the ends within 
the wood may be rather less than a quarter of an 
inch distant from each other : pass a strong charge 
through the wires, and the wood will be split with 
violence. Loaf-sugar, stones, and many other sub- 
stances may be broken in the same way. 

Insert two wires through corks in the opposite 
ends of a glass tube ; let the distance of the ends 
of the wires be about half an inch : fill the tube 
with water, and pass a charge through it ; the tube 
will be broken, and the water dispersed. 

^ 232. The short duration of the spark discharge 
is proved by the velocity with which its light passes 
away ; its duration not being sufficient to illuminate 
two successive objects, or the same object in two 
positions, whatever may be the velocity of tjieir 
motions. It will bp seen (§ 377) that when a disc 
painted with the prismatic colours is made to ro- 
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of the rotation, the necessity of judging by the eye 
of the relation of the Ruminated to the dark spaces 
may be obviated, and the whole may be reduced to 
a determinaltion of the velocity at which the com- 
plete illuminated circle is produced. 

^ 234. Although variations in the density of the 
air produce no changes in the inductive capacity of 
the dielectric, the distance at which spark disohar^ 
may take place through it is greatly modified Inr its 
condensation or rarefaction. If two brass balls be 
placed within the receiver of an airpump so con- 
trived that their distance may be altered by passing 
the stem of the upper one through a collar of lei^ 
ers, and if one of them be connected with the con- 
ductor of the electrical machine, it will be foond 
that, as the air is exhausted, the distance throng 
which the spark wiU strike may be greatly increased, 
and the tension of the charge will diminish, at 
shown by an electrometer upon the conductor. 
The intensity, in fact, of a charged surface varies 
with the number of the particles of the dielectrie 
over which its influence is diffused, and these de- 
pend upon the density of the medium, the form of 
the conductors, and the distances at which Ihey ua 
placed from each other. The rarefaction produced 
oy heat acts in the same way as mechanical ran^ 
faction ; hence flame, which is incandescent aift 
offers an easy passage to an electric charge ; and 111 
all electrical experiments its influence shovid be 
guarded against. 

^ 235. Dr. Faraday also found that, independent 
of their density, different kinds of aeriform matter 
were capable of sustaining different degrees of ten- 
sion. He constructed an apparatus in which aa 
electric discharge could be made along either of 
two separate channels ; the one passing through A 
receiver filled with the gas which was to be the sub- 
ject of the experiment, and the other having at- 
mospheric air interposed. By varying the lengtk 
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gives the glow; an interrapted otie prodnees fhi 
brcHsh ; and, in a more exalted condition, the spiik. 

^ 237. Light models fitted up with TaneSflike the 
floats of a water-wheel, may be pnt in motion 1^ 
the current of air f>rodaced by the action of an elie» 
trified point ; and if a lighted taper be presented'lo 
such a current, its flame will sometimes be btoiM 
out.(60) 

If a point be enclosed in a glass tube so thrtil 
may be placed at any distance Arom one of the 
open ends of the tube, its influence as a point w0 
be destroyed, and it will transmit electricity 1m[ 
sparks as a ball. The access of fresji nncbaiM 
air is thus stopped, and the process of conyeeni| 
cannot proceed. V; 

^ 238. The light which accompanies the disriflk 
"live discharge of the electrical forces is accompatt- 
ed by heat, and is capable of ingniting inflammaUi 
substances, such as ether, rosin, &c, ; but its dn^ 
tlon is so momentary, that sometimes it fails to prt^ 
duce this effect. If a little loose gunpowder bt 
placed in a break between two wires, and a A- 
charge be made through it, the grains will generaDjT 
be scattered about without explosion; but if w 
electrical force be first made to traverse a porlM 
of water or other imperfect conductor, it win, ik 
its discharge, inflame the powder. This diflbraiMM 

X seems to be accounted for by Buppi^ 
sing that the course of the electridiy'li 
retarded, so that it has time to ptoim 

(50) This figure represents a light cnMi .tf 
wire, turning upon a point placed upon At 
prime conductor. The air is forcibly drifis 
from the points, and, by its reactkm, ia^pel* At 
vane in the opposite direction. 

The flame of a taper is Imus repte* 
sented under the mflneDee of dN 
air, passing off from a poioft upon ■ 
charged electhfied condodor. 





the effect ^I^i'l rjt ha--* m^r. .!«---?■ 'j.* •.-.♦.?. --. 
good condnctor ■■".'Ij: :i,» <-.. -r , •, .* ,-',_., ...^ 
The light ar-c :.*ir. v:.-: ...u- <,..- >- ..^ >.I 
charge of t:.e 'z.-rv.r.. ^.'^-^ :. -•: •.-.,.- ^^.^ 

among the yjjzr.z^-, -^".i'.^T- y - ' .. . 

probably p€:rfe<r..y f«>^viKJw;. .. :- .,- ..,- ^.,^ 
heat wnich are :.:-/c.u'>rc •.»; *..j*- .'c^it^-.- .• .^ 
same forces. ::. i :::;.j'-'_ iv^*:* •'-•.;■ iv -r v.-.w. 
among the pir..';.«:>t vf fc jevx '. y---. .f.-.^' ^., j.,-. 
substance is i:*f-fiiCi»;ii. :o eC«>;. int** '^^ll^ac.^. 
neutralization. 

^ 239. At a rer}' eariy ptfitK o' r;,i,i,-;jx=.t i,f.. 
ence, the identity of \\a *iL*i*:\fii. ny^rt cu'. .xnn.u^i^p 
was suspected; for l>r. WaL. a. *'^4». i*. *^ju^y^ii. 
plating the light and crackUn^ iiOib>: j>iuOu<.>x'. ^% 
the friction of a large pi«:>ct of aiuL**^.' vi<LP. xi>'. ;l 
remark that this crackling and hgiii juav Lf<. ouj.- 

Eosed in some degree to reprebonl Xiiuit^nn ixikC 
ghtning. But it was Krankiiu wno, iu 17^7, csiaL 
lished the close analogy of the two agentb uy i»Lrict 
inductive reasoning, and ex;^riineiiiaTiy verifit^d iua 
conclusions by imitating, on a smali bcaii.-. tiic awfu' 
phenomena of nature. He had ai6u duviscc the 
crucial experiment of drawing electric iiy froui the 
clouds, by means of an iusulaiec poiuiec; roc- of 
metal, for the erection of wIucIj he omy waited tiit 
completion of a church steeple in Plnladeiphia. 
But M. Dalibard, in ^'rance, pre<;cded liiiii by al/uut 
a month in obtaining tlie actual result . by repeated- 
ly charging a Ley den Jar by means of a similar 
apparatus during the passage of a thuiider-«^loiKi. 
Without any knowledge of Uiis experiment, it oc- 
curred to Franklin, wliile occupied with the subject, 
that by means of a common schoolboy's kite, lie 
might obtain ready access to the region of the clouds. 
He watched the opportunity of an approaching 
storm and went into the fields ; and, with the assist- 
ance of his son, raised the kite into the air. He 
confined it by two or three feet of silken riband, but a 

T 
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conaiderable time elapaed without any reBult. Oni 
very promising cloud passed over his head without 
producing any effect upon his simple apparatus, 
when, being about to give up the attempt iu despair, 
he observed, after a sharp Bli,ower, some Ioom 
threads of the siring to repel one another ; mi thia 
he fastened a key to the siring, and was gratified bj 
drawing an electric spark from it. He afterwara 
raised an insulated metallic rod from the eud of th* 
house, so arritneed as to communicate with twg 
bells by means of a pendulum, which, striking againU 
them as they were alternately attracted and re- 
pelled, warned him of the passage of an electiia 
cloud. (51.) 

The experiment with the kite has often sioei 
been repeated, with the addition of a thin coppot 
wire twisted with the string; but it is not unaccont- 
panied with danger, for experimenters have fr»' 
quently received violent shocks, and the electricity 
has been known to discharge itseir to the ground ia 
sparka ten feet long and two or three inches in di- 
ameter. A fatal catastrophe from incautious exper- 
iments upon atmospheric electricity occurred la 
Professor Richman, of St. Petersburg, in 1763. He 
hail erected an apparatus in the air, and was ex- 
amining it with 3 friend, when a flash of lightning 
passed from the insulating rod through hia bodfi 
and instant death was the consequence. His com- 

(51) The chimeofbellB here repreMnitadJi 

— mded to the electrified bodyby the niet»l- 

... )ok,a. The twoeiletior bells, & A,inin 

metallic communication with it. and the centn 

ited by > ailk Ibtesd, but it is ia 

munication with the grouDd bf 

The meUllie clBpper^ c c, at 

snded bf silk thread) ; and. when the eile- 

Iriar oells are charged, they are altemilely it- 
tracted aiul repelled, and di*chargs the elac- 
* tiicitj bj conreetion lo the centre cmductuii 
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panion was at the same time struck senseless to 
the ground. 

^ 240. The snapping noise which the electric 
spark makes in passing through a portion of the at- 
mosphere, is due to the sudden compression of the 
air ; and there can be no doubt that the awful thun- 
der-clap is produced by the same action. The re- 
port IS in this extreme instance modified by a variety 
of circumstances^ such as distance, echo, &c, ; and 
the sudden dying away and return of the sound may 
be accounted for on well-known principles. 

We have already stated (^ 12) that sound travels 
in air with a velocity of only 1130 feet in a second, 
but light at the rate of 195,000 miles in the same 
period of time (^ 365). The time in which the flash 
of lightning reaches us, from the different points of 
its course,-may therefore be taken as instantaneous ; 
but the time which the explosion occupies wiU be 
very appreciable, and will vary with the distance of 
the several parts of the long line which the dis- 
charge traverses. By a calculation founded upon 
the interval between the flash and the sound, and 
the duration of the thunder-clap, it has been found 
that a flash of lightning frequently traverses a space 
of nine or ten miles ; and, when we take into ac- 
count the zigzag path which it ordinarily follows, 
its alternate approach and recession will account 
for the phenomenon in question. Such would be 
the effect produced upon an observer placed at the 
end of a long file of soldiers, who were to discharge 
their muskets at the same moment. He would not 
hear a single report, but a succession of reports, 
which would produce an irregular rolling sound. (52) 

^ 241. If a house stand in the way of an electric 
discbarge, that is to say, if it form by induction from 
the charged clouds a part of that line of particles 

(52) The usual zigzag path of a flash of lightning is repre- 
sented on the following page. The sound will reach the ob- 
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which have attained the highest degree of teneion, 
the coarse which the lightniDg will take will be de- 
termiDed by the accidental position of different con* 
ductiDg bodies within it, which will change the Udb 




Sumetimes the discharge follows a path itppioaching toaMf< 
meiitut a circle; anil then, if Iheobserier be placed in a aituk- 
lion nearly equiilistanl from eveiy part of the flash, it will afievl 
him wilh a aiugle ciaah. 
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of greatest tension according to their relative situa- 
tions. Thus it is probable that it may descend a 
chimney in which the air is rarefied; or it may 
strike the same object from being the most eleva- 
ted conducting body in its course. It may then leap 
to different metallic articles in the chambers, or even 
to persons whose good conducting properties may 
present an easy transit in the position in which they 
may be placed ; it will finally pass to the earth, after 
having thus followed the path which had been pre- 
viously determined by the arrangement of the par- 
ticles under the highest state of inductive influence. 
As long as the discharge is confined to the good con- 
ducting substance of metals, lightning produces no 
injurious efiects ; but, whenever it passes from these 
into imperfect conductors, its course is marked by 
destruction. 

^ 242. To Dr. Franklin belongs the honour of Imiv- 
ing suggested the application of the known princi- 
ples of electrical science to the defence of build- 
ings against the dangers of a thunder-storm. He 
proposed the erection of a continuous metallic rod 
m perfect communication with the earth, by the side 
of any building intended to be secured against the 
effects of lightning; and experience has fully de- 
monstrated the utiOty of this precaution. The great 
points to be attended to in the construction of such 
conductors are, that they should be carried above 
the highest point of the building to be protected; 
that they should be of sufficient substance not to be 
melted ; and the experience of a century has proved 
that a copper rod of half an inch diameter has never 
yet been fused ; that there should be good metallic 
contact in all their parts ; and that they should ter- 
minate at a sufficient depth in the ground, and be 
led, if possible, into some piece of moist earth or 
large body of water. It has been proved that con- 
ductors erected with these precautions will protect 
a circular space of a radius double their height above 

T2 
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the highest point of the building to which they u 
attached. 

^ 243. An objection, founded in ignorance, hi 
sometimes been made to lightning-iods, that the 
may, by their attractive power, invite a dischar| 
where otherwise it would not have taken plac 
But when it is considered that one of the conditioi 
of a thunder-storm is an intense electrical inductic 
of h portion of the earth's surface through a di 
stratum of air to the surface of a cloud of son 
thousands of acres in extent, in the manner of 
Ley den jar, it will be perceived that any such el 
vation, as compared with the distance and extent ( 
the charged clouds, is utterly inconsiderable, u 
perfectly inadequate to influence the charge in t] 
shghtest degree. The conductor is perfectly paa 
ive, and its efficacy consists in opening an eai 
path by which the force may be transmitted. 1 
action is at best but of a negative kind, and it a 
no more be said to attract the lightning than a w 
ter-course can be said to attract the water which n 
cessarily flows through it at the time of heavy rai 

It is true that a pointed conductor will silent 
draw off a considerable portion of the electric chari 
from a distant cloud, and thds action will sometim 
be indicated by a glow, or even brush, upon its e 
tremity ; but this would tend to diminish the state 
tension of the charged masses ; and if inadequa 
to produce an appreciable diminution of the enc 
mous quantities collected, can have no influence 
exalting the tension to the point of disruption. 

^ 244. The beautiful meteor palled the aurora I 
realis, there can be little doubt, is another form 
electrical discharge taking place in the upper regie 
of the atmosphere, where the decreased density 
the air admits of those brushes and coruscatio 
which can be so well imitated in the receiver of t 
airpump. Luminous brushes, aigrettes, and glo' 
have not unfrequently been observed also, previo 



80URCI8 OF SLXcnicirr* 

o thunder-storms, upon the mastlieadft of ▼CKclt ^ 
he points of soldiers* spears, and eren 0|<n liie 
)ut8tretched fingers of the hand. Upon tiie lagk 
able-land of Mexico, where the atmospibefe at t«MS 
s extremely dry, the horses' maDes t/tcfjmt kami^ 
10I18 and emit a craekUng noise. These li^iJcds mibd 
brmerly to be regarded with feelinfs of <treaid avi 
superstition, and went in Italy hy the Aaaw of tjbe 
Pire of St. Elmo. 

^245. The atmosphere, thoo^ not mwaiStyt^mn^ 
to the excess which is necessary to pfodoee tibe pwx 
oomena to which we have just adrerUd, vib 
monly afford indications of eledfical 
[n calm, dry weather, when no clouds ti^ 
the gold leaves of an eiectrometer* znmtA wOk » 
pointed rod or flame, will always ipdicaie wiu^^A» 
electricity ; and it has been ascertained that ita lu^ 
tensity is subject to regular Tariations, feactouf; a 
maxinmm about seven or eight o'clock in the monik 
ing, and falling to a minimum between one and two. 
In high winds and damp weather, without ntin, eleo 
tncal indications can rarely be obtained; and in 
cloudy weather, and in timet of showers of hail^ 
tain, or snow, they vary very nmch both an to kind 
ind intensity. 

^ 246. We have hitherto directed onr atU9idJ<m 
nittcipally to one method of etatiat^ the eleclfkal 
brces, namely, the friction of disMmilar tnbUiM^ 
ces, by which their particles are rapidhr brooght into 
elose contact and as rapidly separated. By this op- 
umtion we have found particularly that the nibbed 
lurface of a dielectric becomes inductive ; ita change 
being sustained both throu|[h ita own substance and 
Offough the air to surroundmg conductors. Bot there 
ure many other methods by which this extraordiria' 
ry agent may be developed ; and, indeed, the forcible 
uaturbance of the established equilibrium of the par- 
tieles of bodies in any way seems sufficient to call 
k forth ia various degreea. .Ilins the forcible dis- 
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ruption of cohesion ; mere pressure upon certain 
crystallized substances; the heating of others; 
changes of physical state ; crystallization and evap- 
oration, are all capable of producing electrical ex- 
citement. 

^ 247. If we break a roll of sulphur, we shall find 
a charge of electricity upon its two fresh surfaces ; 
and if we pound it in a dry mortar, and pour the 
fragments upon the glass of an electrometer, the 
leaves will diverge very forcibly ; and if we renew 
the contact with fresh surfaces upon a fresh plate, 
we shall find that it is not easy to deprive it of the 
whole quantity which it has thus acquired. 

If we take a rhombohedron of Iceland spar, and, 
holding it by two opposite edges, press upon two of 
its opposite faces, it will manifest a decided power 
of attraction upon light substances. 

^ 248. Crystals of tourmaline, aeain, whose opti- 
cal properties will be described (^ 392), exhibit a 
very remarkable state of electrical excitement when 
gently heated. The tourmaline is a hard, crystal- 
lized mineral, which occurs in granite and other prim- 
itive rocks, in the form of three, six, or nine sided 
prisms, terminated by three or six sided pyramids. 
It was discovered by the Dutch in Ceylon, who call- 
ed it Aschen trikker, from its property of attracting 
ashes when thrown into the fire. It appears, how- 
ever, to have been known to Theophrastus. When 
the stone is of considerable size and warmed, flash- 
es of light may be seen to dart across its surface 
when laid upon a hot iron. If a crystal of this miner- 
al be mounted upon a pivot, or otherwise suspended 
with freedom of motion, its excitement will be found 
to be polar, and one end will be attracted by excited 
glass and the other repelled. The polar arrange- 
ment of its particles exists throughout its substance; 
for, when broken in two, each half will prove to be 
likewise polar. It is during the rise of its tempera 
ture that these phenomena take place : during the 
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process of cooling they also occur, but with the op- 
posite direction of the forces. 

The poles of the mineral have reference to the 
axis of symmetry, and those crystals are alone elec- 
trical, the opposite extremity of whose axes differ 
with regard to the number, disposition, and figure of 
their facets. 

^ 349. Boracite is another mineral which possess- 
es the property of becoming electric by heat in a 
high degree. It crystallizes in the form of a cube, 
but the edges and angles are genersdly replaced by 
secondary planes, and four of the angles are always 
observed to present a greater number of facets than 
the other four : the most complex angles are ren- 
dered vitreous, and the simplest resinous, by heatf 
and these are always found at the opposite extremi- 
ties of the axis of synunetry. 

§ 250. Electricity may also be developed by the 
near contact of heterogeneous substances. Thus, 
if a circular disk of platinum be fitted with an insu- 
lating handle, and pressed against a similar disk of 
zinc, both being held by the insulating rods, both will 
be electrified, as may be rendered manifest by the 
condenser and gold-leaf electrometer. The zinc 
will have vitreou^, and the platinum resinous elec- 
tricity. Silver or copper may be used instead of 
platinum, and like effects, although in a less degree, 
will be apparent. 

^251. If melted sulphur be poured into a glass 
vessel, it becomes electrical in the process of crys- 
tallization ; and if it be removed from the glass and 
examined after solidification, it will be found in the 
resinous state, and the glass in the corresponding 
vitreous state. Water, also, in the act of freezing, 
becomes electrical. 

The evaporation of water likewise excites elec- 
tricity ; and if a heated platinum vessel be placed 
upon the cap of a gold-leaf electrometer, and water 
dropped into it as the steam flies off, the leaves vnll 
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expand with resinous electricity. The effect is ren- 
dered very decided with the assistance of the con- 
denser. The late experiments of M. Pouillet have 
rendered it probable tnat the evaporation of perfect- 
ly pure water is not accompanied by any develop- 
ment of the electrical forces, but that a very minute 
portion of saline matter in solution is sufficient to 
determine the effect. This does not detract from 
the probability of evaporation, being the principal 
source of atmospheric electricity ; for all the water 
upon the face of the globe is impregnated more or 
less with different salts. The vitreous electricity 
that corresponds to the resinous charge, which, in 
the experiment, is left upon the electrometer, is car- 
ried into the air, and probably communicates a charge 
to the minute drops into which it is again condensed, 
and which float in the atmosphere. 

Galvanic Electricity. 

§ 252. The phenomenon we havejust cited is made 
the basis of a method of developing a modification 
of electricity, far more important in its action and 
in its connexion with other branches of physicad 
science than that which is excited by friction. 

The history of the origin of. thi^ most important 
branch of scieno^Wnnst*' alrnost 'n'fecessarily, be in- 
cluded in their description. In the year 1790, Pro- 
fessor Galvani, of Bologna, was accidentally occu- 
pied with the dissection of a frog, at the time when 
some other person was experimenting with an elec- 
trical machine in its neighbourhood, and observed 
that, whenever the point of his scalpel was in con- 
tact with one of the crural nerves, and a spark was 
drawn from the machine, violent convulsions were 
occasioned in the limbs. 

We now know that, under these circumstances, 
the frog formed part of a system of bodies under 
induction, by the polarization of the particles of 
which, the charge was sustained upon the prime 
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conductor ; when the latter nas discharged, their 
state of tension was relieved, and, in returning to 
their former slate, commotion was produced Bimilar 
to that which takes place with more violence when 
an animal is placed in the course of the liiscbarge of 
a Leyden jar. In seeking to vary the circumstances 
of the experiment, the explanation of which was 
unknown to hini, Galvani armed the muscles and 
the nerves wilti different metals, and found that, 
whenever a metallic communication was made be- 
tween the two, similar convulsive movements were 
produced without the co-operation of the electrical 
machine. (53} The new branch of science which 
sprang from this capital obaervaii on has been called 
Galvanism, in honour of the mind which discerned 
the importance of phenomena of such apparently 
trifling import. 

^ 253. There are many ways now known of vary- 
ing the exptiriment. By placing a live flounder upon 
~ a slip of zinc, with a shilling upon 

I its back, whenever a metalbc 
communication is made between 
' " ihetwometalabyametallic wire, 
' strong muscular contractionsare 
produced in the fish. If a piece 
of silver be placed upon a per- 
son's tongue, and a piece of zinc 

., Thi» figure repreionto lie 1e^ 

frog prepsred for gslvanic eiperi. 

The )kin ia temovvd. and ths 

erves, a a, Hre eaeily found by 

eparating Ihi mnsclcB on Ihs 

itaa tbithi : 6 19 a ailier wire 

ised undtir boin the norvaa, bj which 

lUUic conMcl 19 enaured. The legs 

...J be laid upon a plate of zinc ; and, 

when ibe circait i* coroplated by s ms- 

talhc eommunicstion between the two 

metala, Tioknt c<mTul9ii>nB ue pro- 
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or lead under it, no effect will be observed as long at 
the two metals are kept apart ; but when their ends 
are brought in contact, a slight sensation, as from a 
feeble electric shock, will be produced, and a peculiar 
saline taste. If one metal be placed between the 
upper lip and the gums, upon bringing their ends to- 
gether as before, the eyes will be affected as by a 
flash of light. This observation had been made 
nearly fifty years prior to Galvani's by Sulzer, but 
excited little attention; although, perhaps, it ex- 
hibited the germe of the future science in a more 
striking form ; showing what different fruits are 
produced by accidental seeds when they faU upon 
a mental soil unprepared for their reception, and 
upon one fitted by proper culture. 

^ 254. In these experiments, no effects are ob- 
served from separate pieces of metal of the same 
kind, and the contractions are most powerful when 
those metals which are most difficultly acted upon 
by acids are opposed to others which are easUy 
acted upon. 

^ 255. The apparatus by which the most power- 
ful galvanic effects are produced, was the invention 
of Professor Volta, of Pavia, whose name it per- 
petuates. He was led to this grand discovery by a 
series of experiments which he undertook, to prove 
that the agent in Galvani's experiments is com- 
mon electricity, which he endeavoured to accumu- 
late by a multiplication of his simple circuit. 

^ 256. Its first form was that of a pile, in which 
pairs of zinc and silver discs were placed one above 
another, each pair being separated from the adjoin- 
ing by pieces of cloth, rather smaller than the plates, 
moistened with a solution of common salt. (54) 

(54) The original Voltaic pile was composed of silver coins 
and zinc discs of the same size, piled up in the manner shown 
on the opposite page, with paper moistened with a sahne so- 
lution, or a dilute acid, placed between each pair. When the 
fingers of one hand, well moistened with salt and water, are 
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Great care was taken to preBerre a. regular order 
in the position of the metals i so that if the zinc 
were placed below the silver in the first pair, the 
■ame order sbouLd be preserved in the others. An- 
other form, which Volta denominated " The Crown 
of Cups," consisted in a row of small glasses, ar- 
ranged in a circle, containing dilute sulphuric acid, 
~r a soluiion of salt, in each of which 
'as placed a plale or wire of silver or 
1 copper, and one of zinc, not touching 
eacli other, but so connected that the 
c of the first was in contact with the 
\ silver of the second, and the zinc of 
\ the second with the silver of the third, 
so on throughout the series.(55) 
I In this arrangement it could be seen 

' piscn] in conlict wilh c, and the fingen of tbs 
other band with f, a slight shock ia fell, and a 
spark mar be pereeiTsd' upon making contact 
between the two eilremitieB with a wue or piecs 

(55) Volta'e "Couronnodes taaBa»''iaheredopicted. Wiies 
of eilvpr and zinc, S and Z, are soldered tool ' 
alternately placed in the glaaaes eontainmg di 



acid. Mo I 




tiiotskBB place ti!_ . . 

etannmnication b; means of a meMllk wire, when ea 
wire la seen to evolve ll7dTDseB. 
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that no cncrent action took place till the 

wires were brought into contact Yarioiw oUmt 
forms were gradoally introduced by Cnuckshank. 
Babington, and Wollaston, as experience snggesM 
improvements. (56) 

(56) The tnconvedence of the orighial oontlnictioQ of thi^ 
pile was in eome degree obnated by Mr. Oniiclulwiiky who ^ 
mented the pain of pUtee into a weU-aeaaoned wooden troMk 
as in fi|[are 1. The intenrening spacee were fiUad with ni 
proper liquid for exciting the battory. 

Fig.L 




The anrangement was still farther improved by Dr. Babing- 

ton, who soldered ihe plates of copper and zinc together in paiia 
by one point only, and filed them upon a rod of wood, by which 

• Fig. 2. 




they could be lifted together, in convenient numbers, ioto eg 
out of a trough of earthenware, divided by partitions into ceito 
for their raception (figoie 1\ TYie tkaAdi xdk) Wsaa \aia allowed 
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^ 367. In Volia'8 view of the phenomena, the 
(ource of electricity was the contact of tb« dissim- 
ilar metals. When two metala, the most disaimitsr 
m regard to their attraction for oxygen, are insu- 
lated, and made to touch each other, and again sep- 
arated, the most osydizable will be foand to be in a 
stale of vitreous excitation, and the least in the op- 
posite state. We have already seen (^ S07), that 
i a plate of metal be placed upon the cap of a gold- 
leaf electrometer, and zinc filings be silted apon it 
through a copper sieve held by a glass handle, the 
leaves will diverge with vitreous electricity, and tha 

la remain in the Iraaeh, white the Ktiao nui j *t an; tine ba 
nepended by taisLng the platea from tbe cells, abd plxnng tbem 
upon rCMla filled for Iheir ■upport. 

The impruvemeal of Dr. WollattOQ coniiMed in silsndiDg 
the copper piste id «■ to oppose it to both aurfaces of the linc, as 
•hown in figure 3. i repreaenta the bar of wood lo which the 



Fig. 3. 
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sieve will be found in a resinous state. With a zibc 
sieve and copper filings, the electrical changes will 
be reversed. If we arrange the metals in the fol- 
lowing order, which is that of their affinity for oxy- 
gen, each will become resinous by the contact of 
that which precedes it, and vitreous by the contact 
of that which follows it, and the greatest effect wUl 
be produced by the contact of the most distant met- 
als of the series: potassium, zinc, lead, tin, iron, 
copper, mercury, silver, gold, platinum. The inter- 
posed liquid was regarded by the inventor of the 
pile merely in the light of an imperfect conductor, 
which allowed of the accumulation of the electrical 
fluids, disengaged by the electro-motive power of 
the metals, by a species of inductive influence. 
Others, again, maintain that the electricity is wholly 
due to a chymical action. 

^ 258. The liquid employed in the voltaic bat- 
teries, when it has been desired to excite them to 
the utmost, has generally been a mixture of sul- 
phuric and nitric acids diluted with water ; in which 
case much local action takes place upon the zinc 
plates, which contributes nothing to the force which 
circulates, and which speedily destroys them. Their 
power, moreover^peedily declines by the deoxyda- 
tion of the oxyde of zinc upon the copper plates, 
and they are very inconstant in their action. 

These defects are obviated in the construction of 
the constant battery^ the contrivance of Professor 
Daniell, of London, which consists of a series of 
single circuits, constructed upon the principle of a 
central disposition of the active metsd with regard 
to the conducting surface. 

A cell of this battery consists of a cylinder of 
copper 3 1-2 inches in diameter, which experience 
has proved to afford the most advantageous distance 
between the generating and conducting surfaces, 
but which may vary in height according to the 
power which it is wished to oV^X'di\\« A. membra- 
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MOUB lube, fonned of the gullet of an ox, is hung in 
the centre by a collar and circular copper plate rest- 
ing upon a rim placed near the top of the cylinder; 
and in this is suspended, by a wooden crossbar, a 
cylindrical rod of amalgamated zinc half an inch 
in diameter. The cell is charged with a mixture 
of eight parts of water and one of oil of vitriol 
which has been saturated with sulnhaie of copper; 
and portions of the solid salt are^aced upon the 
upper copper plate, which is perforated like a col' 
auder for the purpose of keeping the solution al- 
ways in a slate of saturation. The internal tube is 
filled with the same agid mixture without the cop- 
per. A tube of porous earthenware may be sub- 
stituted for the membrane wiih great convenience, 
but probably with some little loss of poVer. A 
number of such cells admit of being connected to- 
gether very readily into a compound circuit, and 
will maintain a perfectly eq^ual and steady current 
for many hours together, with a power far beyond 
that which can be produced by any other arraage- 
ntent of a similar quantity of the metals.(57) 

(ST) One of the cpIIi of ibo 
comtinl batterjr is here tepra- 
HDted QbcdiatL copper cylia- 



. , ooghw 
sutheDWue cylinder psBsas, j 
m ii 1 cut tod of smaJeamatad 
zinc, rBBliag upon the lop of ths 
inWrior cylinder by & croetpiece 
of wood, and' fornunathB siia of 
the amngeinent. The cell ia 
charged by pouring into the earlh- 
enwiie cylinder water aciHula- 
ted^ with one eighth part of ita 
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^ S59. We have noticed that beat generally it 
creases the affinity of fiubst&nces for each ottnr, 
as manifested ia their local action ; it hag an anala* 
gous influence upon galvanic action. When a con- 
stant battery of nine cells, which was capable of 
decomposing' water at the rate of 7.5 cubic iochea 
of the mixed gases per five mioutes, was enclosed 
in a case to which steam could be admitted, tba 
rate of worhing gradually increased with the tem< 
perature, till at 212° it was very nearly trebled. 



battery, and t 
alive experiments. 

if 360- In the galvanic apparatus, both chymicd 
and electrical effects are produced. That one of 

and the coppet being Glled with the nine icidalalsd wator Mb 
ureted with sulphate of copper ; and solid tulpbste of coppet 
being placed in the colondet. 

' ' ' -ich cella may be connected into s 
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the active bodies should be a good conductor of 
electricity, and the other a liquid compound, are 
essential conditions of the circulation of galvanic 
electricity : the first, that the force may readily dif- 
fuse itself upon every point of its surface ; and the 
second, that the necessary transfer may take place. 
In the excitement of electricity by the friction of 
dissimilar substances, the contact is broken and re- 
newed, with successive particles, by a kind of inter- 
mitting action, and by the rapid mechanical separa- 
tion of the two bodies their charge may be commu- 
nicated to other bodies in a manner which has been 
already explained. In its excitement by chymical 
action fresh articles are also brought into contact 
in continuous succession, while those which are 
spent or neutralized are successively removed in 
combination by the action of concurring forces. 

^261. In both cases the charge is sustained and 
communicated by induction, or the polarization of 
the particles of matter, which must always precede 
and accompany conduction. When an extensive 
voltaic series of some hundreds of couples of per- 
fectly clean plates is simply charged with distilled 
water (which is so bad a conductor of electricity as 
to allow a disruptive discharge through it in the 
form of a spark), it is clearly shown that induction 
takes place in it of precisely the same nature as 
that which arises from electricity by friction, for 
each extremity will exhibit a charge of electricity 
sustained by the induction of the air to surrounding 
conductors, and which may be manifested by the 
usual attractions and repulsions, and even sparks, 
by which we recognise electricity from friction. It 
will be found that, under these circumstances, the 
zinc extremity of the battery possesses a vitreous, 
and the copper extremity a resinous charge. 

^ d62. The amount of this effect of high intensity 
does not at all depend upon the size of the plates, 
bot is proportionate to the number of alternations. 
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A battary conBtrocted of pieces of copper Wie 
3-8th8 of an inch in diameter, and 9 1-9 incbealoibp 
with a piece of sine wire of l-8th of an inch In «^ 
ameter soldered to each, and tnmed down intottf 
axis of the next without metallic contact, and eoih 
sisting of a series of I0S4, wiU be quite equal fo % 
battery of the same number of plates four \wS^ 
square, and capable of producing all the eifieli 
which we are about to describe. 

A gold-leaf electrometer, placed in connexioa 
with either end, will open out with either electiict^, 
as has just been stated ; und if, at the same tfaiie, 
the electricity of the opposite end be dischaifed, 
the leaves will expand still farther, as in all and- 
ogous cases of common electric chai^. Whea 
the two ends are connected severally with an inn- 
lated slip of gold leaf, upon graduafly approaiiKaff 
the two they will attract each other, ana a aiiaiE 
will pass between them. By moistening the bandi . 
and touching the two extreme cells, a slight shock 
is also experienced. 

^ 263. These effects may be very much increased 
by a more advantageous arrangement of the termi- 
nal surfaces : thus, if one of the ends of the battery 
be coDnected with the insulated plate of a conden- 
ser, the latter will instantly become charged, «id 
when the opposite plate is withdrawn, the electrom- 
eter will indicate a much higher degree of intensity. 
The charge may also be sustained throu^ glass, 
and transferred to the metallic surface of the Ley- 
den battery. If wires proceeding from each ex- 
tremity of the series be respectively connect^ with 
the inner and outer surface of an electrical battel]^, 
of not less than 13 square feet of coated surface, it 
will be charged so rapidly that sparks may be ob- 
tained from it in rapid succession by connecting m 
fine wire with its outer surface, and successively 
strikiDg the knob wilh vt& other extremity. Tlie 
&ie point of a pei£kiui« ox ^2d^ \fiA(uiiS2^ ^s^»^ 
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may thus be burned, phosphorus inflaiDed, and ful- 
minating powders exploded. No soch power is 
possessed by the voltaic arrangement aJone ; but it 
communicates the charge to the battery so instantly 
that almost continuous discharges may be procared. 
The intensity is limited to that which is dne to the 
number of the series, but the extent of sorface 
which may be thus thrown into indoctiTe action is 
unlimited. When the human body is made the me- 
dium of communication between the snr&ces of a 
large battery thus perpetually chaiiged, the rapidly 
intermitting shock which is received is very on- 
pleasant. 

^ 264. The polarity of the voltaic arrangement is 
also shown by breaking the series at any part, when 
each portion will exhibits a resinous and vitreous 
extremity, just as in breaking a magnet each frag- 
ment exhibits a north and south pole. 

These effects are, of course, annihilated by bring- 
ing the opposite ends of the series into metallic 
communication ; but no continuous current of any 
amount takes place when the circuit is closed. 
When the extremities are connected with platinum 
wires, dipping into water even acidulated with sul- 
phuric acid, no decomposition is manifested, how- 
ever numerous the series may be ; but a slight de- 
composition is shown when a solution of iodide of 
potassium is made the medium of communication. 

^ 265. The electric column of De Luc presents 
these polar phenomena in a very striking form. It 
consists of pairs of very thin silver and zinc discs 
not more than 5-8ths of an inch in diameter, piled 
up in regular order, with the intervention of writing- 
paper, to the number of some thousands. They 
may be formed of strongly gilt paper and zinc foil, 
cut out with a punch, and enclosed in a glass tube 
fitted with brass caps at each end, and carrying 
screws, by which they can be pressed together. If 
the paper be dried artificially, the column will be in* 
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active, bat its prdinaiy hygrometric moiitorawfll 
sufficient to throw it into a stronf^ polar states A 
series of dOOO or 3000 is sufficient to affect the faU- 
leaf electrometer, and one of 90,000 will cause «itt> 
balls of l-6th of an inch diameter, sospendea bf 
threads of four inches long, to diverge to the dis* 
tance of two inches and opward.(68) By cnnnaol- 
ing one extremity of the series with a fine im 
wire, and drawing its point lightly over the otfier 
extremity, a slight layer of ramish being interpoasd, 
a series of minute sparks may be obtained. A. Imo^ 
den battery may also be charged by it, so aa t».o» 
casion a disagreeable shock to be felt distinct^ h 
the elbows and shoulders. 

This apparatus will retain its power for jraaivif 
kept in a state of insulation, but loses it if the aak 
are allowed to be connected together for any IsmA 
of time. No current, however, is establiriied WMcr 
these circumstances which can be detected by any 
chvmical decomposition. 

^ 2G6. It may, perhaps, be doubted whether the 
source of the electric charge of this instrument is 
the contact of the metals, or the contact of the sine 

(58) When De Luc*8 column is placed with each aid in 
connexion with a gold-leaf electrometer as here repreaentad, 

one of the inatraiiMBls 
will diverge with ^it 
reous, an4 the other 
with resinoaa electri 
city;. When the alee 
tricity of either and ii 
discliar^ed by a good 
conducting cooimaiu* 
cation with tbanowBd, 
^e oppoaita nroa ii 
exaltai, and the dtfar* 
^ce of the kavea 
mcreasea; and, whia 
a metallic commmiieat 
tion is made betwaaa 
the two enda, all iisBS 




with the small poitioii of 
tained in the paper in ils coanDOO hygnnaeaie 
state. When the paper has been artilkiallj dried, 
it is found to be inefllcient, as has beea already 
stated, and the zinc becomes dowly corroded in the 
course of years ; but, on the other hand, the charge 
is wholly one of intensity, and, after ils discharge, 
requires an interval of time for its renewaL 

^ 267. Now this state of polarity is manifested 
precisely to the same degree, dependant upon the 
number of the series, when the roltaic battery is 
charged with dilute acid instead of pure water. 
The particles of the liquid, as well as of the solids, 
are thrown into a similar state of tension, which is 
only relieved by a good conducting communication 
between the two extreme poles. The difference of 
the effects may be well shown by connecting the 
two poles of such a charged battery with insulated 
strips of gold leaf, when, upon approximating them 
as before, they will attract each other; but, instead 
of the neutralization of the charge by a mere spark, 
a rush of electricity will bum, and utterly dis- 
perse the metal, which is insufficient for its trans- 
mission. (59) This strong current makes its way 
through the liquid portion of each cell by a new 
species of convection, of which the polar arrange- 
ment is the antecedent condition. 

^ 268. Every part of the wire which forms a con- 
nexion betwen the two poles of a voltaic battery, is 
capable of exerting a powerful action upon the mag- 

d9 a ^» (59) The experiment may be performed with 

the electrometer here represented, a is a glass 
shade mounted upon a base, b. It is covered 
with a piece of dry varnished wood, c, in which 
the glass tubes, d </, slide backward and for- 
waid, and through which pass wires having 
g:old leaves suspended to their lower extremi- 
ties. The distance of the gold leaves may ba 
accorateiy adjusted by a raoL and pinion. 
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netie needle. If the needle be allowed to lak 
natunl pontien nnder the directlTe power oJ 
earth, and the wire be pUced above it in a pu 
direction, the end whicn pointa to the nortn I 
directed to warda the ailver {date, that end will i 
towarda the weat, and the needle will tond to i 
itaelf acroaa the wire : bat if the wire be p| 
below the needle, the aame pole will move eaatv 
and croaa the wire hi the oppoaito direction. V 
the poaition of the zinc and platinum platea, 
regard to the needle, ia rereraed, the oirectia 
the moTemenfc of the needle will be alao revei 
and ita ultimate poaition wiU indicate the coura 
the current.(60) 

Thia ia not the plaee in which we propoae t 
quire into the lawa of thia magnetic action ; 
only at preaent brought forward to demonatrate, 
the wire which connecta the two metallic plati 
the arrangement which baa been deacribed, doi 
reality transmit a force which manifeata itael; 
very energetic actiona. It has also been applii 
the construction of a very delicate instrument 
measuring the quantities of galvanic electridty 

(60) In the annexed diagram, let p n represent thecondii 
wire of the circuit, n being in connexion wi^ the ailvw - 
and p with the sine plate. Let the nataral directioo c 
needle, under the influence of the earth, be repreeented b 
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arrow, N S, between the two circiee. When the neec 
placed above the wire, 1, its marked pole will be deflecti 
wards the west, and when placed below the win^ S, it w 
deflected to the east. 



MAGNETISM OF COKDUCTIVG WIRE. Sil 

9. Every point of the connecting wire equalhr 
ices the magnetic needle, and the force witn 

it affects it may be doubled by bending it 
ipon itself, and placing the needle between its 
arallel branches. (61) If a copper wire be 
ito a rectangular form, consistmg of seirerai 
uarded from metallic contact by being cover- 
h silk, and in the centre of the rectangle a 
ely suspended needle be placed, each coil will 
influence to that of the others, and the needle 
'• impelled by the joint action of all. If such 
mgement, previous to its connexion with the 
plates, be placed so that the rectangular coils 
all el to the needle in the position it occupies 
the directive influence of the earth, and the 
don be then made, the effect will be to occa- 
ich a deviation from the plane of the magnetic 
an as will arise from the balance between 
w force acting on it and the magnetic force 
earth. The number of degrees at which the 

stops, measured upon a graduated arc of a 
will therefore give an approximative measure 
intensity of the force exerted by the wire. . 

^'his fi^re represents a magnetic needle, freely support- 
a point witnin a rectangle, formed by a wire doubled 
d placed in connexion with ^e zinc and copper plates 
cult, by the mercury cups, P and N. By this arrange- 
ment the influence 
of the under part 
of the conducting 
wire is doubled up- 
on the needle : ror 
both the parallel 
lengths conspire to 
deflect it from its 
natural position in 
the same direction, 
and to bring it into 
a position nearer to 
a right angle to the 
plane of the wire. 
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We are not prepared at present to describe (he 
several modes by which the force may_be deter^ 
mined with perfect accuracy. 

^ 270. An instrument constructed in the manner 
which we have described is called a Oalvanometer^ 
Its delicacy may be very much increased by em- 
ploying two needles attached together, one above 
the other, in a parallel direction, with their poles 
in opposite directions. The distance between the 
needles is such as to allow of the upper part of the 
coil of wires to pass between them ; an openinff be- 
ing left by the separation of the wires at the middle 
of the coil for allowing the thread by which they 
are suspended to hang between them. By Uiis con- 
trivance, the directive power of the earth upon the 
astatic needle, as it is called, is very nearly neutral- 
ized, enough only being allowed to remain to bring 
it to a constant direction when the wire is in a state 
of inactivity : at the same time, when thrown into 
action, both the needles are impelled in the same 
direction. The lower needle being in the situation 
of the more simple apparatus just described, is act- 
ed upon by the forces in every part of the coil, 
while the upper needle is impelled by the contrary 
influence of the upper side of the wire, but in the 
same direction as the lower, on account of the re^ 
versed position of its poles. 

The needle of an instrument so constructed will 
be sensibly deflected by the immersion of less than 
l-8th inch of zinc wire, l-50th inch diameter, and a 
corresponding length of platinum wire, in a large 
drop of water acidulated with sulphuric acid. 

The galvanometer may be rendered a still more 
accurate measure by completely neutralizing the in- 
fluence of the earth upon the astatic needle, and 
substituting the force of torsion to produce the equi- 
librium with the force of the active wire. The 
ease and accuracy with which the former may be 
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ured, renders it m rery petfeet JDeiuK %4 

ig the amount of tbe h-uerAVj 

71. Every part of a wire. Uutt iormtu^it t^n^ 
cation between a zinc and ;«l«tioucu ya6:Js^ xm- 
sd without contact in tbe tuttxK; irei»«)l wf ^M\^ 

water, whatever tbe metal may be, '» «ttau<4! 

its opposite sides with tbe iiy^0umyif U/tv^sk 

[i are resident in the magnet, ana comiaiuuei^ 

nly, under ordinary circomiUiicef, u^ mu auid 

1. 

72. We will now tnm from iiae battery itneJC 
consider the force which ia tbiw %fswitti^ m 
[dependent power, oirer which we have com^ 

control, applicable to certain work at May 
L point, according to laws which we will pr^y 
to investigate ; at the same time, we mtn^ noi 
t the main fact of circulation, aiMl that tbe exr 
lental cell, or nny other object which we majr 
pose, constitutes, in reality, a part of the cir- 
the resistance of which rests upon erery other 
md conducting portion of the arraii£ements« 
e process of resolving a compound body into 
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(eS) Tbe tonkn salTaoometer of 
Dr. Hitchie is here lepretented. n « 
!• the lower needle, rarrounded br 
tbe eoil of wire, nod coooedied wita 
the upper needle, B N, bye piece of 
strmw, which putee thioucfa the up- 
per part of the horizonuTcoil, aod 
through a circular cud placed above 
it, on which a graduated circle it 
drawn. It Ut thea attached to the 
torsion filament, which ii fixed to a 
screw, supported by the frame of 
th6 instrument. The filament may 
be of glass, and tbe angle of torsion 
may easily be measured upon the 
graduated card. The wires of tbe 
coil are easil]^ connected with the 
plates of the circuit by means of ^ 
vmall mercury cups, 
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IM elements, or proximate principlea, hy the toIH 
current, has been named electrolysis^ and substall 
frbich are capable of such decompositiou a 
tUtlTolytes. 

In electrolysis, a current is conceived to pan - 
from the positive or vitreous to the negative or res- ' 
InouB pole. These are called by Farraday the i 
xincode and plalinade. The term electrode is coff 
UOQ to both. The surface of the body to be dl 
eoinposed, at which the current enters from t&B i 
xincode, is called by him the accodc, the atheren- 
ftce the cathude. At the former, the acids, osyg«a, 
oUorine, Stc., are evolved ; at the latter, hydrogMi 
the metals, alkalis, &c. The easiest case of dw- 
trolysis is that of water. If this liquid be confi&u 
ty corks in a tube, through which iron wires j* 
eefeding from the zincode and platinode of a battej^ 
ftre passed, the zincode wire will be rapidly con* 
Terted into o^de, and a stream of oxygen will 
lise from the platinode. 

By using wires of platinum or gold instead of 
iron, oxygen will rise from the zincode, and hydro- 
gen will continue to appear at the platinode. iliese 
two gases will, if the lube be straight, be capable 
of being exploded by a spark of common electri- 
city, and reconverted into water. ' 

By the use of a bent tube the gases may be col- 
lected separately into its two branches, and it "' 
be apparent that their relative hulks are S ; I. 

When the water is slightly acidulated, tlie actios I 
of electrolysis is promoted, and with a more oowet- 
All arrangement of plates, the acid will itself be de- 
composed. The decomposition of the acid will also 
take place when it is unmixed with water. Thus: 
if sulphuric acid be subjected to the action of a 
battery, oxygen will appear at tbe aincode, nod arv 
tallized sulphur at the platinode ; when nitric mua li 
acted npon, oxygen is evolved at the ainoa^ aid 
nitrogen at the ^atinode. When Uie «ifc«HiM> idH 
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ue exposed to galvanic electricity, the acid is car- 
ried to the zinced e, and the alkali to the platinode. 
The presence of these two forms of compounds may 
be exhibited by performing the experiment in a bent 
tabe upon a solution coloured by a vegetable blue. 
This will be changed at the zincode to red, and at 
the platinode to green. 

The same fact may be exhibited by placing the 
solution, coloured as before, in two vessels which are 
inited by a siphon, which is filled with the same so- 
lution. The communication between these vessels 
nay be made by a moistened bladder, or by amian- 
thus, and the results will be the same. 

If three cups be used instead of two, an acid or 
an alkaline salt may be placed in the middle one. 
When an acid is thus placed, the alkali will be car- 
ried through it to the zincode; and if the middle 
eup contain an alkali, the acid of the salt will trav- 
erse it in its way to the platinode. 

^ 273. One essential condition of electrolysis is 
liquidity ; the elements of a compound cannot travel 
when restrained by cohesion ; and, with very rare 
exceptions, compound bodies cannot transmit the 
current except by electrolysis. 

If one of the outer cells of a powerful battenr be 
separated from the other in water, by a film of ice 
not more than one sixteenth of an inch in thickness, 
there will not be the slightest galvanic effect ; but 
if a small portion be thawed, so as to form the 
thinnest possible film of water between the two, the 
needle will be permanently deflected. 

A great variety of both primary and secondary 
eombinations are subject to the same law. On fu- 
sing a little chloride of lead in a glass capsule by 
4 spirit lamp, and introducing it into two platinum 
wires connected with the poles of the battery, pow- 
erful action will take place, and the chloride will 
be rapidly decomposed. On removing the lamp^ 
Iba instant the chloride 8oUdi&e8« iW cvot^^ 'osiii^ 
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contemporaneous effects will cease, thougli the i)lft- 
tinum wires may remain enclosed in the chloride 
not more than the one sixteenth of an inch apart 
Chloride of silver, nitrate of potassa, and chlorate 
of potassa, act exactly in the same way ; and, in 
every case, decomposition of the compound takes 
place when the current passes. 

With regard to the substances on which conduct- 
ing power is conferred by liquefaction, the degree 
of power so given is generally very great. Water 
is that body in which this acquired power is the 
feeblest; in the various other oxydes, chlorides, 
salts, &c., it is some hundred times greater. A 
greatly increased conducting power is given to 
water by the addition of salts. The addition of 
other Hquids and soluble solids, as sulphuric add 
and boracic acid, which by themselves are not capa- 
ble of electrolysis, and, consequently, are non-con- 
ductors, confer this increased power upon water. 
£ven some elementary substances exalt its con- 
ducting power, and a solution of chlorine will con- 
vey the current much more readily than pure water. 

^ 274. The next point which must arrest our at- 
tention is the definite direction which the disen- 
gaged elements or principles are forced to take un- 
der the influence of the current. 

In the cells of the battery, the oxygen of the de- 
composing water, from its natural affinity, must 
travel from the conducting plate towards the zinc, 
and the hydrogen in the opposite direction ; and in 
the experimental cell which forms part of the cir- 
cuit, the two gases must move in conformity with 
these directions ; and hence the oxygen will, as we 
have seen, be evolved at the zincode, and the hy- 
drogen at the platinode. The elements or princi- 
ples of any other electrolyte which comes under 
the government of the current will be subject to 
the same law of direction; and those elements 
which, in the order of common affinity, have the 
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greatest attraction for the zinc, will take the p«dk 
of the oxygen, and appear at the zincode, azid their 
associates must travel in the opposite coone, and 
escape at the platinode. Thus, among the element- 
ary substances, chlorine, iodine, bromine, aod fluo- 
rine, range with oxygen, and the metals with hy- 
drogen ; and among the proximate principles, cyaO' 
ogen and acids rank with the former, aod alkalies 
and protoxydes generally with the latter. 

^ 275. The invariable nature of these relaticms 
may be well exhibited by placing several electro- 
lytes in different cells, and inciting them in one 
circuit with a battery of sufficient power. Thus: 
place solutions of chloride of sodium, coloured with 
indigo ; iodide, and bromide of potassium, mixed 
with starch ; and sulphate of soda, coloured with a 
vegetable blue, in succession in four siphon tobes, 
reversed, and connect them together and with the 
battery by platinum electrodes; the first will be 
bleached at the zincode by the evolution of chlo- 
rine ; the second coloured blue at the corresponding 
electrode by free iodine ; the third will become deep 
yellow with the bromine disengaged at the same 
point ; while the indications of free acid and alkali 
will be manifested respectively at the zincode aod 
platinode of the fourth. (63) 

Fig. 1. (63) Some of the forms of ap|wntiu ia 

which these processes of electrolysis nuj be 
ccmductedi are here represented. 

Figure 1 is a glass vessel with two orificeit 
each having a tube adapted to it in s«icb a 
way as to receive the sepanrta nsis from 
the two platinum electrodes, wbien pwt into 
globes filled with addnlated witer. 

Figure 2, representod oo the next psgv, is 
a ccU made of plates of glass, cemenM to- 
gether, and divided into two parts bf the tent* 
porary diaphragm, a, which consists 'A a 
^ smaU frame of wood, with muslin stMtehM 
over It A separate electrode may U usuo 
aaceo inio eacn side of it, and the products of the intmiittf9^ 
tion may thus be kept separate for atime aod tMutSi^^ 




4f1iiTte 4imiptif« ditctaiiiB of a»; 
WuHrjr. .tfurottkii air it dcHwndui vpoa tki 
prisdplas M tbil of Um LejrdMi butny; I 
plwDMBMna «v« modHM by tbe lower im 
mtler qpiuitiqrt ttd peipetod renewal of tlu 
when paaainf between two ehaieoal pointai 
xatioa mndera it tbe meet iplendid eonree i 
whicb ie under the command of art. Rai« 
of tbe medium tbioo|^ which it pewiee, eii 
heat or hj mechanical meaaa* nrodncea tbi 
eHecte aajnpon the common electrie epari 
friction. When the fiolee of a powmrfnl bati 
gradnallT eeparated after contact, the dii 
takea pbce thnmgh an interval which in 
with tbe heating of the air Iqr the ignited cli 
With the /original batteiy of tbe Roval Ins 
of 9000 plateat the diacbaige pacaed tbroni 
inehea of air; and with tbe conatant batter, 
cells, the iame ia mnch. more Yduminona, i 
tends to the distance of one inch. 

It would, however, appear, that the air is 
only form oi mauer which is concerned in tJ 

Figure 3 exhibits Pif9 glaases, connected togethflr fav 
of luge tore» filled with an electrolyte, end two tabei 



ia the cteieee end fiHed with the tame liqaid j into t 
pede ofwhkhplatiiHnAviiai^ttiaunatiBf faiiQUf 4i 
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Mtne metal, ere ineefted. TheoppoeiteurodiMtBofth 
position may thus be separately cA>tainea : the cohvm 

nitt ptMOf through the miarpoeed liqiuid IS lbs «4M 



Homena, but thu partidec vf ftc mAit «iBainw 
contribute to Ibe peoenl t Jti r: >"' u>B«telMt. 1: 
is probable tlui ibe snperiie- tcilrarnrr uT tw «■»- 
noDiena wiih chuT;'jL: mn' w woe u. tie aii^K 
number of its solid puTMix. niisi iit iaail hmbi' 
sion enables it lo thr?»" 'J a *w^ iini5e«.i« 

^ STT. In some e^ithiben!* v 
constructed by Dr. Hav- 'te ; 
of ploinbaga, and Uw z 
coal ; a most rivii caKsaa^ vh 
fused particles of lift pdiRRMi' i 
to the opposiTe pt^e, wzus. momu 
length. 

Ill other ez[>erim(T:lk 'viun. «««■ ai^n- mmm «■ 
Professor DanieU wiih a v-.mauc w:>77 tf 'it aq|n. 
cells, s great bodr of tutu vn iwmia wsc. v^im 
passed through a atitance of lirjic la lun. sut bw 
charcoal of the zioeoit amaitl-ji.y icnmriM i. '^ov- 
shaped carilf, while a eonndtnnw imAflMKUM 
was formed upon tliej&!i9a9e «^ lavi aoct irUiM 
carbon with a nammixieii afiw^trwnt Vimi iwt 
tincode 
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coa], the latter became studded with globules of 
fused platinum; and when this arrangement wai 
reversed, a considerable protuberance of carbon was 
formed upon the platinum platinode. 

^ 378. The colour of the light varies with the 
substances between which the discharge passes. 
The beautiful effects produced by the deflagration of 
thin metallic leaves interposed m the course of the 
discharge are not owing to the combustion of the 
metals, though in some cases increased by this 
cause, but arise from a dispersion of their particles 
analogous to that of the more momentary explosion 
of the Leyden battery. They equally, ia both 
cases, take place in vacuo. 

Gold leaf emits a white light tinged with blue; 
silver, a beautiful emerald green light; copper, a 
bluish white light with red sparks ; lead, a purple; 
and zinc, a brilliant white light fringed with red. 

The disruptive discharge of the voltaic battery 
will take place with great brilliancy under the sur- 
face of distilled water ; some electrolytic effect win 
at the same time occur, but the greater part of the 
charge will pass in a brilliant stream of light. 

Thermo-Electricity. 

^ 279. We have seen that when the electric car- 
rent meets with obstruction to its course, the equi- 
librium of heat is disturbed even in good con<uic- 
tors ; it might, therefore, have been a priori expecU 
ed that a disturbance in the equal flow of host 
would produce an electric current, in such forms of 
matter as are capable of transmitting it. 

We are indebted to Professor Seebeck, of Berlin, 
for the experimental confirmation of this conclusion 
in 1832, and the discovery of the phenomena of 

THERMO-ELECTRICITY. 

^ 280. If a platinum wire be carefully soldered to 
the two extremities of a delicate galvanometer, and 
it be heated at any point remote from the junctions^ 
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no disturbance of the electric equilibrium will be 
ptoduced ; from the homogeneous structure of the 
wire, the heat will flow equally to the right and 
left of the heated point. But it will be very differ- 
ent if a knot or spiral turn be made in the wire 
without breaking it : for if the focus of heat be ap- 
plied to the right of such obstruction, ao electrical 
current will be established from right to left, and 
will be indicated by the needle. 'Diis must arise 
from the unequal rate at which the beat will ob- 
viously be propagated on two sides of the obstruct- 
ing mass. Wires of copper and silver will act in 
the same way, only in a very inferior degree. The 
same effect will be produced if the wire, instead of 
being continuous, be divided, and each end being 
twisted into a spiral to increase the surfaces, one 
be heated red in a spirit lamp, and brought into con- 
tact with the other. The deviation of the magnetic 
needle will indicate, as before, that a current is pass- 
ing from the hotter to the colder point. That these 
effects do not depend upon any chymical action of 
the air, is proved by performing the experiment un- 
der the surface of well-purified oil, under which cir- 
cumstances the same results will be obtained. 

Those metals which possess a decidedly crystal- 
line texture, present even more marked electrical 
ghenomena from the unequal propagation of heat 
I their masses. If a ring or rectangle be cast of 
antimony or bismuth, of the diameter of three or 
four inches, and of the substance of about the third 
of an inch, and one half of its surface be kept cool 
by ice and the other heated, a current of electricity 
will be immediately established of sufficient power 
to affect the magnetic needle without the assistance 
of a coil. 

^381. These thermo-electric effects, again, are 
very much increased by combinations of two met- 
als. If a bar of antimony have a copper wire sol- 
dered to it, or merely twisted round one of its ends, 
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and attached to the other in the form of a lOoa 
when heated at the contact of the metals at one ^^ 
tremity, it will strongly deflect a magnetic needle 
placed above or below it. (65) 

It is found that similar circuits maybe formed of 
combinations of other metals, and that they maybe 
ranged in the following order according to their 
thermo-electric efficiency; the most powerfiiL com- 
bination being formed by those metals which are 
the most distant from each other in the series : bis- 
muth, platinum, lead, tin, copper, or silyer, zinc, 
iron, antimony. When heated together, the current 
is found to proceed from those which stand first to 
the last. 

^ 282. There can be little doubt that the specific 
heat and conducting power of the metals must be 
concerned in these effects ; but, in comparing the 
tables of each, the connexion does not immediately 
appear. Structure or crystalline arrangement has 
also much influence upon them. With some com- 
binations, as, for example, zinc and silver, the cur- 
rent will go on increasing with the temperature to 
a certain point, 248° ; will then become null, and, by 
increasing the heat, will be re-established in the 
contrary direction. This singular phenomenon is 
most probably referrible to a change in the arrange- 
ment of the particles of the zinc. 

^ 283. Similar circuits may also be formed, ac- 
cording to the experiments of M. Nobili, with sub- 
stances whose conducting power is lower than that 
of the metals. He made small cylinders of porce- 
lain clay, of the length of three or four inches, and 
three or four lines in diameter, and wrapped round 

(65) a represents a bar of antimony with a piece of copper 

wire twisted round one end of it, 6, and looped over the other 

.^ end. c. When heated by the flame of 

. _ ■ "> r\ a spirit-lamp at the contact of the met- 

bmm====:n Cais, 6, a magnetic needle placed at d 

-^ will be deflected. 
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the ends of each some cotton steeped in a conduct- 
ing liquid, which served to place them in direct 
communication with the galvanometer. One of the 
ends was reduced to a point, and, after heating it 
red at a spirit-lamp, he pressed it upon the cold ex- 
tremity of the other cylinder, and a current was 
established from the hot part of the arrangement 
towards the cold. This effect is owing to the mu- 
tual reaction of two portions of water of different 
temperatures. 

^ 284. The thermo-electric current may be in- 
creased by forming a compound circuit, and arran- 
ging the pairs of metals in a series of alternations 
analogous to those of the voltaic pile. If three 
bars of bismuth, with three of antimony placed al- 
ternately, so as to form the sides of a hexagon, be 
soldered together and placed upon two supports in 
ft horizontal position, one of the sides being in the 
tnagnetic meridian with a compass-needle b^low it, 
upon heating one of the junctions, the needle will 
be sensibly affected. The deviation will be consid- 
erably increased on heating two of the alternate 
angles of the hexagon ; and a still greater deviation 
will be produced when the heat is applied to the 
three alternate angles. 

In all these combinations, similar effects may be 
produced by reducing the temperature of one or 
more of the junctions by the application of ice or 
6ther means ; and when the action of ice, on one set 

of the alternate angles, is com- 

r^^Jl^t=3 bined with that of the flame 

]T^ ' a rf on the other set, the effect 

1^ is still more considerable. (66) 
Upon multipl3ring still farther 
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(66) a A « a represent four bars of 
d antunoQj soldered to foar bars of bis- 
moth, \hhh. If the extremities at c 
b« plaeed in perfset metalUe oommu- 
nieatioD, as hy the wires ef a galva- 

Y 
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the number of altematioiiSy it in^ boMPwt^i 
the total effect is inferior to the earn of tho' 
which the same elementa conld prodniBO wiieni 
plowed in the formation of aimple eireoits. ThMii 
owing to the low state of intensity of Iho eomah 
which occasions great loss of power whenenrisr: II 
has to traverse any considerable line of eoftdnsiMi 
even of the most perfect kind. .ii 

^ 885. The thermo-electric pfle has latelyboMi ap- 



plied by Messrs. Nobili and Blelloni, as 
cate aiMi accurate measure of tempeiatwn. TUi^ 
six pairs of bars of bismuth and aotimoiiyi MMiMi 
into a small compass, and having a venr diBliasIS 
galvanometer with two needles attachog to*tlimi 
were found to be so senstbleas to be alfeotedTfay fltfi 
warmth of the hand at the distance of tbktf IM| 
and an instrument constructed upon this nm4pl% 
with all the necessary^ precautions, is WfijficabU'M 
a variety of delicate mvestigations, for which aiqf 
of the common thermometers woidd be totally iih 
sufficient. 

^ 386. The thermo-electric current will occasioci 
convulsions in the limbs of a frog, but is inadequate 
in its primary state to effect any kind of chymioil 
decomposition. 

^ 287. There is another well-established and le* 
markable effect of the heating power of the voltaic 
current, which is as yet unexplained. ¥^en-the 
conducting wires from the two extremiitiea of a 
powerful battery cross one anotlier, and are brou^ 
in contact, upon separating them to a short distance 
a flame will appear between the two, and the an* 
code or electrode connected with the conducting 
plate of the battery will become red-hot, and that oon- 

nometer, and the temperature of the juncUoiw bs alterasltly 
raised and depressed, an electric current will be determinad in 
the direction of the arrows ; which will cause the deflectiaa of 
a magnetic needle placed immediately ofer or under any put 
of the circuit. 
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Itected with the generating metal will remain dark, 
and comparatively cool. This effect is constant, of 
whatever metal the conducting wires may be made. 

^ 288. The power of fusion by the electrical 
flame is greatly influenced by this circumstance, 
and metals laid upon charcoal, in connexion with 
the zincode, melt much more rapidly when the flame 
is directed upon them from the platinode, than when 
their situation is reversed. The constant . lottery 
of 70 cells before referred to, completely fused the 
most refractory metals when thus disposed ; and 
platinum, rhodium, titanium, and iridium, were melt- 
ed in considerable quantities. 

^ 289. At a very early period it had been observed, 
that when vessels at sea had been struck with light- 
ning, their compasses were often destroyed; and 
that, in some instances, their property of pointing 
north and south had been destroyed, or the poles 
reversed. Dr. Franklin succeeded in imitating this 
by frequent discharges of the electrical battery. 
We have also seen in the experiments which have 
served as the basis of the construction of the gal- 
vanometer, how powerfully the forces of electricity 
and magnetism act mutually on each other. We 
are therefore now led to the consideration of the 
last-named force. 

Maonstisbc. 

^ 290. The force of magnetism has already been 
spoken of (^ 15), as it resides in the loadstone, or 
as it is communicated from that mineral by fric- 
tion to bars of steel. The polarity of a magnetical 
bar, or its property of pointing towards the north, 
has long been used in navigation. It is even said 
that the Chinese and Arabians, who were acquaint- 
ed with this directive power before the Europeans, 
employed it as long ago as 1000 years before the 
Christian era. This property of the mi^et is men- 
tioned in a Chinese dictionary finished in A.D. 181 ; 
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and in anotiter dictionary, published in the niga of 
Kanghi, it is stated that under the Tain djnai^ 
(previonB to A.D. 419), ships OTOn steered to tM 
south by the magnet. 

The navigators of Amalfl, in Italy, appear to ban 
received the compass from the Arabs during tto 
Crusades ; and it was universally used in the ttnci 
of Columbus and Taico de Gama. 

^ 901. Let UB now examine the phenomena with 
more precision. 

If a long bar mR{(net be covered with iron filingai 
and then withdrawn from the heap, it will be fbiud 
that a portion of the filings adhere to its eaiftoa, 
but in a very unequal maimer : laqe clusteii will 
be anspended from the two extremities, but not • 
particle wilt be attached to the centre botwean 
them.(fl7) It may i^ao be observed that long filft- 
ments, composed of many smaller ones jouie3 end 
to end, will stand erect from the ends; but that, as 
they recede from these points, they will be ahorter 
and shorter, and incline frdm each other, appearing 
to be self- re polled. The best mode of examining 
the attractive points of such a bar is to place it an- 
der a sheet of paper, upon which iron fiUngs may be 
sifted. By gently tapfiing the paper, they are shgU- 
ly projected into the air, and, as they fill under th* 
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influence of the magnetic attractions, they distribnte 
themselves into regular and beautiful curve lines, 
which converge towards the extremities, where they 
are collected in largest quantities. These points of 
attraction are the poles of the magnet: that is, 
points endued with similar, but opposed, forces of 
attraction and repulsion, analogous to those which 
we found in an insulated electrical conductor under 
induction. A needle of soft iron, freely suspended 
from a silk thread, will be attracted precisely in the 
same way as the iron filings ; but a magnetic needle 
of steel will be attracted by one extremity, and re- 
pelled by the other. These phenomena take place 
through interposed metals, glass, resins, water, pa« 
per, &c., and are clearly distinguished from their 
analogous electrical attractions and repulsions. 

^ 292. Sometimes a bar which has been magnet* 
ized to saturation will present points which have 
been called consecutive poles, indicating alternation 
of the two magnetic forces. These may be dis- 
covered by the grouping together of iron filings, or 
by the alternate attractions and repulsions of the 
oar at the different points when freely suspended. 

^ 293. Soft iron becomes magnetic by induction 
from a magnet, just as an insulated cylinder of met- 
aJ becomes electrical by the action of an electrified 
body through the air. If a key or other piece of 
iron be held near one of the poles of a powerful 
loadstone or magnet, it will be found that a series of 
iron balls and needles may be suspended fvom it, each 
in succession be comi ng polar under the influence 
jjU r^ of the inducting force. (68) 

(68) A represents a bar magnet, 
pe^T to the marked extremity of 
which, N, a ke^ is hold : this will 
become magnetic by induction, and 
wUl induce magnetism upon the 
three small nails brought near it, 
which will be consequently attract- 
ed. The positions of the marked 

Y3 




When lliendigttat is witUi«wB^ Hwsr tH iwwrill* 
ataly ratum to their neniral 8tet«. ,,..t 

The opiKMutum of the poles My VewtB^MMI 
by sospeMing twosmall inmcyliademysUle hy.eite 
in contaet, and ^qpiosohiiig them with the pillilkiK 
« magnet ; each will become tenfotarily 




and each will have its nearest cm eonvwrtQAiUl 
an opposite pole to that of themagnei: Ihesstwi 
poles of the two cylinders will eonpeqoemlji!; (mil 
contact, but will immediately r^>^ each odWtiyw 
the cylinders will ity i^ar^(eO) 

If a quantity of nne iron wire be eat intp lei^jlll 
of about one eighth of an itch, laxje qffailBHaiig 
it may be suspended firoma magnet ^,^.,. 

^ 8M. The magnet, like the chaiged iiliutihij 
conductor, loses none of its orighMU fotqei ^Mi 
communicating this induced power; hqtiOii tfcipt 
trary, it has its own state evilted by this 
of the opposite j^wer it thus dsTelops. 

^ 806. There is, however an essential diffiuranos 

poles of thete tomporaiy magnets are mdicatod bf tli» kltwi 

Fig. 1. JiTg. a. mduafly remored from tiw lit- 

iaence of the magBet^ ttia ina 
nails soocessbirij £dl oE 

(60) Whan the nnmarkud pA 
of a magnet, «, is held at a Irab 
distance from two pieces of sal 
iron, sQspended from a aoMit 
bt two pieces of tiiratd (qpHI 
1), th0]r both become naTgiwtif 
by induction, and the two anfr 
lar poUs, n n, and the oppoam 
pole8»««,iepdooaanatbBE. it 
the pole of the magnet, ^ (fif- 
nie 2) be approached neaier to 
them, its superior attractioB wiU 
overcome tne mutual rqpnkion 
of the poles, n «, and thej wfll 
be drawn towaraa it, bat the 
poles, » «, will aeperate to a 
aicmiun d&atoEtf»^>hMBkb«&»3a. 





I 
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in fhe cbiracter of electrical and magnetical induc- 
tion : we haye seen (^ 214) that, if a cylinder under 
rtectrical induction be broken in two, each half will 
letain an opposite charge independently of the 
other ; but if, under similar circumstances of mag- 
netic influence, an iron wire be cut in two, the e^ 
which is reroored will show no signs of free mag- 
netism. Under no circumstances, indeed, can one 
magnetic force be obtained in any form of iron with- 
out the co-existence of an equal amount of the op- 
posite force in the same mass : and if we fracture 
m magnet or loadstone into any number of pieces, 
each fragment will be a perfect magnet with con- 
trary poles. 

^ S96. We may suppose a mass composed of mi- 
nute grains of metal, each surrounded by a non-con- 
dncting substance not adding sensibly to its bulk : 
on brinffing a body thus constituted near an electri- 
fied body, every one of the grains would immedi- 
ately become electrical by induction; and it has 
been matiiematically proved, that the attractions 
and repulsions which such a body would exert ex- 
\ temally, would be the same as those of a homoge- 
: neous conductor o( the same form and size, sub- 
jected to the same inductive influence. In the lat- 
I ter case, however, the two forces would be trans- 
1 Hmred to the opposite extremities of the body, 
I while in the former they would remain in the masses 
to which they originally belonged. Such, in fact, 
^ypears to be the disposition of the electric forces 
hi the tourmaline, and it offers an excellent illustrar 
tion of^^ disposition of the forces in the magnet. 
^^^^'i-fnS&TrHence we may conclude that magnetic in- 
duction takes place in consequence of the complete 
and separate polarization of each particle of iron, 
■nd that the forces cannot travel from one to the 
other, to accumulate at the ends like the electric 
forces in an insulated conductor. 
Irao lUiDgB, by their mere ^uxtapott&ox^ >a3D^^\ 
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the indfawiice of a' magnet form a maim of - 
magneta, of which the polea are aimllaily 
in each: and, being alternately of dilfenlik Uai|| 
the adjacent enda attract one anotiunr. An mccamm 
lation of anch illinga, between the op|xiaite falM 
of two magneta, or of a magnet bent m the imm 
of a horae^oe, aecnratelj reprea enta abarof jaeH 
iron placed in the aame poaition, and the parfirili 
of both we conceire to be preciaely in taa wftm 
condition. - ■■* 

Separate magnetic chaigea cannot be rapportai 
by distant bodiea by a polariiation of the partidei 
of the interreninff air eqoiTalent to that wniflh.iwii 
tains a charge of either of the electrical toi ae at 
The magnetic forcea traTerae all aobatancea ablli 
iron and one other metal, nickel, without alRmlhf 
any indicationa of that action upon their pwMMl 
which has ao lately been eatabliahed by Dr. Wiam 
day in th^ case oC the electrical forcea. 

$ 298. Perfectly pure soft iron retuma innmedi* 
ately to its neutral state upon removing the indih 
cing cause or pole of the magnet ; but if the natard 
arrangement of the particles of the metal be diat 
turbed by mechanical force, suq)i as twisting or.Tio* 
lent hammering, it will retain .its polarity for lon^ 
or shorter periods. The new arran^menta whidi 
take place from ch3miical combination also coofar 
this retentive or coercive power in a high degrea; 
hence the permanence of the magnetic forcea in 
the loadstone, which is an oxyde of iron, and in 
hard steel, a compound of carbon and the aame 
metal. 

^ 299. The process of induction takes place yeiy 
slowly in tempered steel by mere contaet ; the co< 
ercive power, which retains the particles in their po- 
larized state, when once acquired,opposingitaeli to 
its reception : but it is greatly facilitated by finetion* 
When one pole of a powerful magnet ia rubbed twe 
or threa timea ikxag a.bax tsoia «oAl\» vBAi^^a^iiv^ 
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le same direction, the latter speedily aajuires 
magnetic virtue. Yarious modes of friction 
) been devised for saturatinf steel bars with 
netism ; instead of the simple mode just indi- 
d, which goes by the name of the single touch, 
two opposite poles of a magnet, bent into the 
I of ahor8eshoe,(70) may be brought down upon 
centre of the bar to be magnetized, with the 
s turned in a direction the reverse of that of 
poles intended to be given to the bar, and then 
ed backward and forward along the surface; 
ig care to pass over each half of it an equal 
her of times, and repeating the same operation 
;he opposite side. This is called the double 
h, and the bar becomes speedily and effectually 
netic. 

)00. Great advantage is derived, when two bars 
to be magnetized, by disposing them in a paral* 
pram, in conjunction with connecting pieces of 
iron. The bars are touched in the way Just 
ribed, so as to have their dissimilar poles op* 
d ; and, in proportion as they receive magnetisnif 
e connecting pieces acquire a similar powert 
by their reaction tend to exalt the intensity of 
charge. (71) Horseshoe magnets, for the same 

(70) This figars lepreMnta a magnet bent into 
the form of a honeahoe, by which meana the two 
poles are brought near to each other, and are bet- 
ter adapted to many ezperimehts. When not m 
use, they are connected together by a piece of aolt 
iron, which is called the kentr, by which their 
force is preserved unimpaired. The power of a 
magnet may be meamred by soapendrng a ioJa- 
pan to the keeper, and loading it with weights till 
It becomes detached by their gravity. 

(71) This figure represents two bar magnets, 
with their opposite g JT 



poles, N S, placed 
m juxtaposition, and 
conneetod by mesDi 



I 



nr armatares of soft iron* v 
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reason, may be mosti effioacioiidy UmclMthf^^ 
nectinff together their extremities- witti Mm to^ 
In soch a complete ciicnit, moreoTer« the power j 
presenred most securely bj the reciprocal tnmmm^^ 
of the opposed forces, and magnets, wliea o«l if' 
use, should be carefully protected in tins mmumK 
While such a circuit is ciosedi it will oxert Imm 
feeble influence upon any exterior body; bot M^ 
keeper, as the soft iron bar is called, is retaJnadli 
its position by a very powerftd attraction, it ^ 
however, found that the weight which it wiH 
port immediately after the procees of 
M much greater than when the cironit is^ 
after having been once broken. «" 

^801. Powerftd magnetic batteries tro conalilt 
ed by uniting a number of horseshoe maniotSy kyv 
ing them one over the other, with aU ueir |toks 
similarly disposed, and ftuitening them together in a 
copper case. 

Mr. Scoresby has lately ascertainedl that sieal 
advantage arises ft^m constructing magnets of thin 
plates of hard steel, separated from one another bf 
very thin shavings of wood. A magnet thns foroMi 
of 196 plates, 15 inches long, and 1 1-8 inches wid% 
rendered an iron nail, weighing 600 grains, mameliB 
by induction at a distance of 11 inches, so ttiattt 
supported another weighing 389 grains. It also sn^ 
tained a nail weighing 194 grains through a slab of 
marble seven eighths of an inch thick. 

^ 302. The action of the earth upon a magnetk 
c needle(72) may be 




(72) This figure itfn- 
sents a convenient niode 
of rapporting a needle for 
the purpose ofindiftatinf 
itsoirection. Aiemetand 
in which is fixed an up- 
right rod, of anv sns- 
stance bat iron. 1iieli*i' 
ter tenninalaa in a pololb 
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red to that of akurge bar magnet upon it; 
sty be represented by the action of such a 
i passing nearly along the axis of a globe, 
les of which, however, do not exactly coin- 
ith the poles of the earth's rotation. If a 
magnetic needle, suspended so that it has 
n of motion in a vertical {dane, be placed 
y upon such a magnet or upon the e<^ator of 
be, it will assume a horizontal position, with 
es directed to the dissimilar poles of the 
ar. 

end of a needle or bar, which directs itself 
8 the north pole of the earth, is, for conve- 
, generally distinguished by a mark, and is 
tre best denominated the marked end. It is 
mes called the north end or pole ; but very 
•erly, as it manifests the opposite force to tluit 
acts at the north terrestrm pole, 
he needle above mentioned is advanced to- 
one pole of the large magnet, the end which 
:ted towards that pole begins to dip or incfine 
ard, till at length it stands perpendiculariy 
it. Upon being gradually dniwn back to iu 
position, it slowly recovers its horizontal 
>n; and, upon being advanced towards the 
;e pole, the same series of phenomena take 
irith the opposite end.(73) 

which fiU into a «naU tgate 
cap at tha centre of the nee- 
dle, which ia thaa free to 
UMyve with the leaat poaaible 
AictioD. 

(73) The aoapendon of 
the oippiDff-neeale ia here 
riiown. The needle ia form- 
ed of a &t piece of steel, 
thiwirii the centre (tf which 
^ a amail axis passea at right 

\n ^ anglea. It finely moves in 

"' ^ ciicalar bolea, made in the 

i> V boriaontal bar, a A, which 
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^ 303. Perfectly analogooi ph— omena of iHmp 
Hon and dip take' place under the infloeiu^ of fm 
lesthal magnetism* but the lawa whiclL gOT,iiinliii 
are of a more complicated nature. A aeedto tn^ 
suspended, out of the influence of any f<i 



mass, only remains in equilibrium wlMn in thaaif 
netic meridian ; there are places where this Unoil 
incides with the terrestrial meridian, and in dM^ 
magnetic needle poinu to the tme north* U,m9^ 
ever, it be carried succeasiyely to diflbrentiMi 
on the earth^s surface, its direction will, bo 
times to the east, and sometimes to the 'woil; 
north. It appears, from the latest teseaielioi|< 
probable that there may be move Uian one 
pole in either henusphm. According to Uw < 
rations of M. Han^een, there is one in 
longitude 109o east of 6reenwicli,and a littlo t»M 
north of the 60th degree of latitude; aocordi^gll 
the calculations of Sabine, made in the same mttk 
ner, and about the same time of those of flnuslsi. 
the other pole is in lat. 60o N., long. 800 W. Ill 
magnetic equator, moreover, does not coincide wtt 
the terrestrial equator, but, from a discQSiion of al 
the observations, appears to be an irregular 
crossing it in at least three points of lonjgitodo. 

The direction of the needle varies even m thai 
place ; in the middle of the 16th century, the 
m London inclined a few degrees to the eastwlri 
of the true north; in 1659 it pointed exactly ntttt; 
and after this the line of no variation began to tmal 
slowly westward, and has now passed over to Noi0 
Amenca. At New- York the variation, as obsetvsd 
by Professor Renwick, was 6** 28' W. in 1837. 

^ 304. The dip undergoes corresponding chaiuai) 
though less considerable than those of the varimoa; 
and in London it has been found that there has beai 

forms the diameter of the circle, c c, which is nadiiattd te At 
purpose of showing the angle made by the needls with the hflli 
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aa annnal diminution of abont 3' for the last fifty 
years. It is at present between 69° and 70°. By 
the determination of Sabine, the dip in New- York 
was 72° in 1822. 

^ 305. The needle is also subject to diurnal varia- 
tions of small amount; in our latitudes it moves 
slowly eastward during the forenoon, and return? to { 
its mean position about ten in the evening. These 
variations doubtless depend upon diurnal changes of 
temperature. 

Besides the variation and the dip, there is a third 
circumstance which is deserving attention, and that 
is the intensity of the force which obliges the nee- 
dle to take up its position of equilibrium. This 
force varies greatly in different latitudes, and in- 
creases generally from the equator to the poles. 
- ^ 306. For a long time, the only known means of es- 
timating the intensity of the magnetic forces was to 
ascertain the weight which might be suspended from 
a magnet by means of a piece of soft iron. This, of 
course, is a very inaccurate operation ; but Coulomb 
suggested two methods by which this important 
point ma|ibe determined with the greatest precision. 
The first of these is the torsion balance, the opera- 
tion of which has already been described ; and the 
second, the method of oscillations. This consists 
in counting the number of oscillations made by a' 
magnetic needle in resuming its original position, 
nnder the influence of any magnetic force, when 
distiuiied from its position of equilibrium. The 
movements of the needle are subject to the same 
laws which govern the oscillations of a pendulum 
acted on by the force of gravity ; and it is a neces- 
sary consequence of these laws, that the intensity 
of the force producing the oscillations is propor- 
tional to the square of the number of oscillations 
performed in a given time. 

By these methods it has been determined, that 
the forces both of magnetical attraction and repol- 

Z 
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sion are in inverse proportion to the square 
distances of the active bodies. 

^ 307. The earth, thus regarded as a ms 
capable of acting by induction upon other 
and if in these latitudes we hold a bar of p 
iron in the direction of the magnetic dip, th 
end will have the properties of the marked 
a magnet, and the upper those of an unmark 
as may easily be ascertained by approachii 
with a magnetic needle. That this state of 
is only temporary, may be proved by revers 
bar, when the poles will be found in the san 
tion as before. A bar of steel or of hard i 
become permanently magnetic by remaining 
the same position, and it commonly happens 
fire-irons, poker, and tongs, which usually 
against the grate, in a position not very c 
from that of the dip, become magnets. 

^ 308. The communication of magnetism V 
bar by this influence may be greatly exped 
causing it to vibrate strongly, as by striking i 
in the proper position, upon the end with a h 
It may also be greatly increased by the in 
influence of other masses of iron in contact 
notwithstanding the iron itself, which thus 
the effect, derives its power also from ih 
' source, namely, the magnetism of the earth, 
a steel bar acquires a feeble magnetism b 
hammered vertically when resting upon s 
pewter, but receives a considerable accesj 
power when subjected to the same degree < 
mering while placed upon a parlour poker ii 
ilar position. The power of a magnet is, 
always increased by the reaction of anothe 
in which it induces magnetism ; and this p 
is made useful in arming (as it is termed) a 
loadstone, and thereby increasing its power 
plates of very soft iron are provided, e< 
breadth to the surfaces of the stone which 
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the poles, and a little longer ; so that, when applied 
to them, a portion of each plate projects beyond the 
loadstone. The armature is fixed on very firmly by 
wires, or an external case of any metal not snscep- 
tible of magnetism. The power of the stone is 
found to be thus very much augmented. 

J 309. As tfte mechanical vibration of the par- 
es of a steel bar faciUtates its reception of mag- 
netic polarity, so will the diminution of its coercive 
power by the same means promote its return to the 
neutral state, and highly-charged magnets quickly 
lose their virtue by any concussion of their par- 
ticles. A fall on the floor, rubbing with coarse 
powder for the purpose of pohshing, and grinding, 
will all prove more or less injurious to their powers. 

^310. The only substance, besides iron and its 
compounds, which has been found susceptible of 
magnetic polarity, of the kind which we have just 
been considering, is the metal nickel ; but there has 
been some difficulty in determining this point, from 
the small quantity of iron which is capable of con- 
ferring attractive powers upon other metals with 
which it may be alloyed. This, in some instances, 
is so small as to escape the detection of chymical 
analysis. 

^311. The influence of heat upon magnetism is 
Tery remarkable. If a steel bar be heated to red- 
ness, and placed under magnetic induction, and then 
suddenly cooled, it will be found to have become 
strongly and permanently magnetic in a very short 
time. On the other hand, the s^plication of heat 
to a magnet is invariably attended bv a dissipation 
of its power. It is sensibly affected by the heat of 
boiling water; and a red heat totally destroys its 
magnetism. If the temperature, however, be raised 
only to 100, it loses much of its power during the 
operation, but recovers it again on becoming cool ; 
but, after it has been heated to redness, no part of 
Its magnetism returns. The power of a magneti 
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moreover, increases as it becomes colder, to the ut- 
most limit to which refrigeration can be carried. 

At a white heat, iron appears to be totsdly sus- 
ceptible of any magnetic impression whatever, and 
a white-hot baill of iron may be brought close to a 
delicate magnetic needle without at all disturbing 
its state of repose. Nickel loses itslnagnetic influ- 
ence at a much lower temperature, and becomes to- 
tally indifferent when heated to 630o Fahreiiheit.(74) 

(74) The most important mignetic instnunent is the Compui. 
Of this there are two varieties, the Mariner** and the Sunray- 
or's. The essential part of both is a magnetized bar or needle^ 
supported, as in figure 72, on a vertical point. The needle is 
maae heavier at one end than at the other, in order to coantn^ 
act the dip ; and, when it is to be used in succession in dilGnvot 
parts of the world, proper poise is effected by a moveable 
weight. 

The form of needle which is now preferred is a modificatioii 
of that proposed by Kater. His experiments showed a 8U|>eii> 
ority in those made of four bars, united in the form of the sides 
of a rhomb. The same advantages exist in the modified form 
represented beneath, which is constructed by rounding the ob> 
tuse angles of the rhomb. 




In the Mariner's Compass, the needle is attached to m circular 
card, which revolves or traverses with it. The outer circumftr- 
ence of the card is divided into 360 deerees. Within this is a 
circle divided into 32 equal parts, called points of the compasei 
Those which correspond with the two ends of the needle an 
called North and South. Those at right angles to them, East 
and West. These four are called cardinal points. The mode 
of naming the other points will be best understood by inspectiflo 
of the figure. See opposite. 

The axis on which the needle hangs rises from the boCtflB 
of a deep box, which is loaded with a heavy weight This aiii 
terminates in a steel point, which rests in an agate cup, c c 
Beneath this cup is a ring, a a, which is moveable, and can, by 
means of the handle, r r, which is produced to the outside of the 
compass box, raise the needle from the pivot and prerent tt 
from traversing. At two oppoiite points, near the upper soxfroi 




of the boi, are two pivots which re 
ulsr ring. Thia ring has two piTotg at right 
uiglea to the fini two, which rest on an outer 
ring which is filed. The wsight of the box, 
Ihiu hanging from two aeta of piVott at right 
■nglee to each other, will keep the piiot oa 
which the needle reats TerticaL The arrange- 
menl will be underatood from a reference to the 
firal figuie on the neii page. 
Id the Surreyor'a Compasa the dineiona are cut on a ring 
hich aurrounda the needle, and forms a part of the boi which 
Mioses it. The degrees ore divided into four quadrants, which 
' '' '' — ight and left from the N. and S. pointe. 

_ r.._j r.^ .1.^ purpoae of sscettaining 
led an Azimuth Compasa, 
. . . ?d to denote the horizontal 
an^ie coniainea Between the poaition of a body and the M. and 8. 
pomt. If this angle be referred to the mendian, it is the tiue 
atimnth ; but if to the N, and S. poinla of the needle, it is the 
■nagnelic azimuth : and thediflstence between theeelwoangle* 
(•MvuUtioil. Bf placing si^M OD the upper nuface of tha 



tie nambered to the right and left from 

When a compaaa ia fitted for the 
tliaTariation of the needli 
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box which ecmtsini Che ingle, u teprenenLnd in the pn 
G^re, the magnetic uimotb ia mauuied bj diiectmi 
sighu 10 BheaTenlybodT; ond, if the houc of the day is 1 
the true siimuthcul be calcalUed. A more couTenient a 
compui naa invented by Eater. In (hil the diviiii<au 




fl reflected bj ■ waiface pl*c«d «1 



aw 



the card ace canted 

paint ol tbe iwedie being matked a. Snwlcalder'i 

of tliia ia mote coarenieilt tbaii Kalar^ atigmal loini ; 




ioitrumeilt recently coiutraeted b Franca br Ohentier, the 
diniBaD* an cot en the onuidB af a ling wl^ch a m tonndi the 



e»rd, and thp refleclion is rendered unneceBaary. T 

Bie not odI]' hHltet than Ihe old siunuth compisa, boi ace mpox < 

lior for the use of saneyni'a la (heir sacieitt iniLtumenL Whni 

nwnte cslLed yariali™ TVnwU are empLoyed. One of Ihs 
tDoit convenient of tbese ig thai conetrucl«d by Dollond, at 
London. TluB hu n teltHCOjie uiBiead of ordinary iLghia, and 
diis is ndapled io a inrtical angle, by which astronomic obser 
ttons for determining the Hma mn; be made aimultaneauiljwi 
tboK of Bzimutli. (See %uie on ps^ 271.) 

The beat form of »u iostrumeul for ohaarviDg tbe dip L> 
naented in the annexed figure. 




The eonitmctian of the uutic neadls It (band*] <ntb* nh^ 
dple that ft bodr which ii moreaUe raond an axil eniMt TBMii* 
an; motion from a force which watf parallel to tUi nti. 

The aatatic needle ii repreaencad in the aoDsled bora, wh«» 
n > la B migaetic needle, moreaUe rooDd Uie ask « i. tf tlw 
aiia la placed m tho direction in which le»«abial iwrnrthm 
acta, the needle will rait in tay poaitiMi. Thia eSnt ia «uitr 
prodnced hy two motiona peipandicnlar to each othar, ouaC 
which la obtained by the milled haad S', which, b* an adlHi 
Bcrawoo ita axia, woika in tbataatti «( tka wfaadCi^Jte 
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other bf the milled head S' md 
the wheel D, the graduated cir- 
cle, A B, showing the podtioiia 
of the needle. 

The quantity of iron which 
enters into the stmcture or fionns 
a part of the equipment of shipa, 
has a great influence upon the 
direction of the needles of their 
compasses. The deviation thns 
caused has amounted, in some 
cases, to IS^ or 20<'. In order to 
correct this source of error in 
the compass, an apparatus haa 
been contrived by Barlow, which 
is delineated in the figures rep- 
resented below. 

The compass box, C, is placed 
on a wooden case, on one side 
of which are pierced a number 
of holes. Through either of 
these a copper rcM, T, may be 
passed. This rod carries two 
iron plates, F F. The compass 
having been used on boara of 
the smp, while it is veered com- 
pletely around, the deviation can 
oe measured by reference to m 
fixed mark on the shore. The 
compass is then, removed to the 
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^ 312. The phenomena of magnetism have been 
connected together by two hypotheses of exactiy 
the same nature as those which have been applied 
to the analogous phenomena of electricity. The 
first, or that of iEpinus, refers them to the a|^ney 
of a peculiar fluid, having properties very similar 
to those of the electric fluid in the hypothesis 
of Franklin, but which act only upon ferruginous 
bodies and Nickel. The particles of this fluid repel 
one another with a force which decreases as the 
distance increases, and they are attracted by the 
particles of iron with a force varying according to 
the same law. This hypothesis farther requires 
the supposition, that the particles of iron repel one 
another according to the same law. 

The second hypothesis is exactly similar to the 
electric hypothesis of Du Fay, and is founded on 
the supposition of two magnetic fluids residing in 
the particles of iron, and incapable of quitting them. 
One of these imparts the northern, and the other 
the southern polarity, and they have been denomi- 
nated respectively the boreal and austral fluids. The 
particles of each attract those of the other, but re- 
pel those of the same kind. When in combination 

land, and placed on the case, to which the rod T,and the plates 
F and F' are adjusted. The case is then turned around, and the 
deviation produced by the attraction of the plates observed. It 
is obvious that the amount of this deviation may be changed by 
placing the rod T in different holes, and and by drawing out or 

Eushing in the rod. This is done until the deviation produced 
y the plate is the same as that observed on board of ship. The 
compass is then returned to its position on shipboard, where it 
is mounted on a stand, as represented in the last figure ou the 
preceding page, to which the plates F F' are adapted in exactly 
the same relative position as that determined by the observation 
on shore. The deviation on shipboard will now be doubled. It 
is, therefore, only necessary to observe the compass when the 
plates are in the position presented, and when they have been 
removed to a distance. The difference in the direction of the 
needle in the two positions is the quantity of deviation produced 
by the magnetic action of the vessel. 



^ 
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with each other, these fluids are inactive ; each be- 
coming active only when separate. The decompo- 
sition of the neutral fluid is eflected by the induc- 
tive influence of either the one or the other when 
acting independently. Both hypotheses difler from 
the corresponding electrical assumptions by the ne- 
cessary condition that the imponderable fluid cannot | 
travel from particle to particle, but that the mag- 
netic elements or atomic portions of matter to 
which they are attached, are separated from each 
other, by extremely small spaces, within which the 
displacements and motions of the magnetic fluids 
are restricted. 

Either of these general views afibrds a suflUcient 
basis for mathematical calculations which embrace 
all the leading facts of the science, but cannot for 
a moment be supposed to represent the real mech- 
anism of the phenomena, especially since the insep- 
arable connexion which has lately been proved to 
exist between the electrical and magnetical forces, 
into the nature of which it will now be our business 
to inquire. 

Electro-Maonetism. 

§ 313. We are indebted to Professor CErsted for 
having laid the foundations of electro-magnetic sci- 
ence upon well-devised and convincing experiments. 
The apparent analogy between the phenomena of 
electrical and magnetical induction, as well as the 
uncertain eflects of electrical discharges, both nat- 
ural and artificial, upon the magnetic needle, to 
which we have already referred (^ 287), early in- 
duced philosophers to suspect an intimate connexion 
between their causes, and various attempts were 
made to establish such a relation. Notbipig, how- 
ever, satisfactory had been eflected up to'the time 
of the Danish philosopher's researches. The ef- 
fects of electrical currents and discharges upon the 
needle had always been sooglil lot ^ Vga v^^zb^s^ 
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where the other effects had been produced, namel]rf 
at the poles or interruption of the circait ; bat ne 
found them in the uninterrupted current and ttie 
closed circuit. 

^ 314. When a wire, connecting the generating 
and conducting plates of a voltaic battery, is laid in 
a heap of iron filings, they adhere all around it 
equally, and not more towards the extreme ends 
than at any other part, and present the appearance 
of a closely compacted layer, instead of that bristled, 
divergent arrangement which characterizes the po- 
lar attraction of the ordinary magnet. When the 
circuit is broken in any part, they immediately fall 
off under the force of gravity. 

The general effect of the conducting wire upon 
the magnetic needle has already been described; 
the latter is not attracted by either of its poles, as by 
a magnet, but tends to place itself across the wire ; 
the direction of its poles always having a constant 
relation to the direction of the voltaic current. (75) 

^ 315. The conducting wire produces no effect 
upon needles of brass or other non-magnetic metal; 
nor of needles of glass or lac suspended in the same 
way as the magnetic needle ; but its action is freely 
transmitted through glass, metals, wood, water, or 
resins ; hence it is inferred that the active force is 
not that which we have distinguished as electricaJi 
but agrees in character with the magnetical. 

^ 316. Electro- magnetic effects do not depend 
upon the intensity of electricity, or the number of 
the battery series, but solely upon the quantity 
p thrown into circulation, or the efficient 

size of the conducting surface. 

^ (75) If p N represent the conducting wire, 

"^ the position of the needle, s n, will depend upoo 

its being above or below the wire. If, wnoi 

above the wire, the position of the marked end, 

n, be to the right, when placed below the wire 

K the same end will be directed to the left 
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Professor CSrsted early found that a plate of zinc, 
of 100 square inches, immersed into a corresponding 
copper vessel containing dilute acid, acted upon the 
needle at the distance of three feet, but that, when 
forty such combinations were placed in series, the 
effect was not increased. 

^ 317. The magnetic force of the conducting wire 
is capable of acting by induction upon soft iron, 
and of communicating a permanent magnetic polar 
condition to bars of steel. If needles be attached 
to the wire in different directions by fine silver 
wire, some parallel, others transverse, above and 
below, they will all become magnetic when the 
current is transmitted. Those which are parallel to 
the wire will attract filings in the same way as the 
wire itself, but those in a transverse direction will 
odiibit each two poles. All the needles which are 
placed under the wire will have their poles in one 
airection, while those which are over it will have 
their poles in the contrary direction. On breaking 
the circuit, the needles that were on the wire in a 
transverse position will retain their magnetism, 
while those that were parallel to it will be found to 
lose their force at the same time as the wire itself. 
The opposite action of the opposite sides of the 
wire, which we have already found to be indicated 
by the magnetic needle, is manifest in these perma- 
nent effects. 

^ 318. These magnetic actions are capable of a 
high degree of concentration by coiling the wire in 
such a way as to bring many portions of the same 
side to bear upon one point. Many hundred needles, 
fastened in a transverse direction upon the under 
part of the conducting wire, would instantly be 
magnetized to the same amount and in the same 
direction : but if the wire be twisted in the man- 
ner of a corkscrew, so as to form a hollow spiral, a 
needle placed within it will cross it many times by 
its several turns, and have the iot^^ ^opci^^^x^^^ 
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upon it, which was previously diflfiised oret the 
whole number of needles. Such a spiral bonfom^ 
tion is denominated a helix. It will be obTioosi 
upon a little reflection, that, accordingly as the cir- 
cumvolutions of such a helix are directed from nght 
to left, or from left to right, or in the maimer of a 
right-luemded or left-handed screw, the upper or tli0 
under side of the originally-horizontal wire will bs 
turned inward, and the direction of the accumulatei 
force will vary accordingly. To prevent direct eoB- 
munication between the coils of the wire in ezjMV- 
imenting with such an arrangement, the conducKiiif 
wire should be covered with silk; or it maybs 
twisted round a glass tube ; which substances, wfatts 
they insulate the electric forces, are freely travwaad 
by the magnetic. A steel needle, placed in the ana 
of such a cylinder, becomes instantly and penD^^ 
nently magnetic, and, as its two poles are of^poailfllr 
acted upon by the single force of the one side of 
the wire which is directed upon it, it will place itself 
directly in the centre, where alone it can be in a 
state of equilibrium between the attraction and re- 
pulsion which impel it in contrary directions. When 
disturbed from this position by being pushed nearer 
to one end, the forces derived from the turns of the 
wire collectively act with more power upon that 
pole which is nearest to the middle point of the 
axis. They will, therefore, prevail over those that 
urge the more distant pole in the contrary direction, 
and the magnet will be brought back to its former 
position in the centre. So powerful is the action 
of a helix of this description, that, if a small steel 
bar be placed within it, and supported in a perpen- 
dicular position, the moment the connexion is made 
with the voltaic battery, it will be seen to start up» 
and place itself in the axis, remaining suspended m 
opposition to the force of gravity. (76) A heavy 

(76) Let p n represent a condncting wire, in which th« dee 
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body, thus hanging in the air, without any visible 
support, realizes the situation of the iron coffin of 
the impostor Mohammed, which is fabled to be thus 
balanced, without any material connexion and sup- 
port, between two loadstones. 

^ 319. It will now be understood why, in descri- 
bing the magnetic effect produced by the discharge 
of the Leyden apparatus, this form of the helix was 
adopted ; and in the result which has been described 
will be seen the confirmation of the opinion that the 
electricity of the common electrical machine, in the 
moment of its discharge, must be regarded as in the 
same current state as that of the voltaic battery. 
The intensity of the induced magnetism is found to 
be proportional to the quantity of electricity trans- 
mitted tlurough a wire in a given time, whatever the 
source of that electricity may be, and the magnet- 
izing effects are produced nearly instantaneously. 

The concentration of magnetic action, from a 
wire conducting a current of electricity, may be 
carried still farther by piling the coils of the helix 
one upon another in the same direction; &ve, or 
six, or more layers in succession, may be thus 
compacted together, and each will add proportion- 
ately to the enect. No limits have been determined 
to this accumulation, provided the intensity of the 
current be increased in proportion to the increased 

gg^ ^ trical current is flowing in the direc- 

A ^ ZT >. fc > k % fc '\ tion of the large dart, and the small 

P U^'i 11111 T9y ^ darts will then exhibit the direction 

of the magnetic force. 

In figure 2, the same 
wire, p N, is shown coiled 
in a spiral form round a 
glass tube, and it is seen 
that the magnetism tends 
the same way in each con- 
.. ^^.^=.^^^;^^ volution, and thus acts 

* ^ with concentrated energy 

upon the needle, n t, placed in the axis of the arrangement. 
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resistance of the wire by the inpolse of a bsUsij 
series. The effect of the outer coils are traasvitp 
ted without any diminntion from the action of these 
within. •^* 

^ 330. Electro-magnetic induction also takee jisst 
temporarily in soft iron, and a veiy poweifbl miigiifit 
may be obtained by bending a thick cjrlinder ^: Ihs 
best metal into the form of a horseshoe, ml ss» 
rounding it with a coil of copper wire, covered wlft 
silk or other non-conducting materifld. Wlie»#ift 
current of a moderate-sized batteiy'is transUiHIsi 
through the wire, the iron becomes powerftalfyHlfw 
netic, and will support a \rery heaTT weight 'Wf 
means of a keeper applied to its poiee, pgociwite 
in the manner of a common horseshoe nm^p^ 
When the electric circuit is broken, all tho atHiii 
ire force ceases, and the weight falls to the la e i a ft 
If, instead of breaking the connexion with the iMii^ 
tery, the electric poles be changed so as to rererse 
the direction of the current, the poles of the magnet 
are changed with the utmost rapidity. The weight 
momentarily separates from them, but is instantly 
again attracted, and sustained with the same force as 
before. These effects are much increased by aug- 
menting the number of coils upon 
the iron, without extending the 
length of the wire. (77) In an ex- 
periment made by Professor Henry, 
of Princeton, a horseshoe of iron 
was wound with twenty-six strands 
of copper bell-wire, covered with 

(77) This figure represents the condactfaiff 
wire, p N, of a Toltaic circuit, covered ^imk 
silk, to prevent metallic contact, wramed 
spirally round a bar of soft iron, bent nljD 
the form of a horseshoe. WhUe tb6 car- 
rent is passing, the iron is converted by in- 
duction from the wire into a magnet aauKtiy 
resemb^mK V^tiub v;B^tn)ASi«D& uqasjmI itgie- 




^ 
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itton thread, tlmtj-aiie feet lon^: iboot eigbteen 
ches of the ends were left projectiii^, so tl»t 
^enty-eigfat feet only of each actaally smroonded 
le iron. The whole'length of the coil was, there- 
»re, 738 feet. Each strand was woond on a httle 
88 than an inch ; in the middle of the hoiseshoe it 
irmed three thicknesses of wire, and on the ends it 
as woand so as to form six thicknesses. With a 
ittery of five feet square, this electro-magnet sos- 
snded 3063 pounds, or neariy a ton weight. 
$ 331. If the conducting wire of the battery, in- 
ead of being coiled into a hollow helix, be bent 
.to a flat spiral, and be attached to one side of a 
ird, through which the central wire passes, and 
38cend in a straight line on the other side, the op- 
)aite surfaces w2l present opposite polarities, and 
le arrangement will imitate the effects of a mag- 
3t whose poles might be supposed to be situated m 
le centre of each disc. A wire of this form will 
>llect a prodigious quantity of iron filings, which, 
the rings are not continued quite to the centre, 
ill arrange themselves in lines passing through the 
>en ring parallel to the axis, ind then closing Tap 
\ radii round the centre. (78) 

(78) This figure represents the conducting wire connect- 
ing the zinc and copper plates 
z and c, which are made to 
float hj a cork in a basin of di- 
lute acid, wound into a flat spi- 
ral. A current will then circu- 
late in the direction of the ar> 
rows, and each side of the circle 
,^ will have the opposite properties 
>f two powerful magnetic poles. 
3ne end of a masnet (n a) pre- 
jenied horizontally to its axis, 
will cause the ring to move to- 
wards it till it reaches its centre, 
where it will rest in a stste of 
squilibriom. If the magnet be 
withdrawn, and its poles rever- 

Aa3 
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U will be QBdentood that, in dl tbi^ eaiM 
direction of the poles of the amngements de 
first, upon the direction of the conrent with 
ence to the axis of the helix, and, secondly 
tiie direction of tilie circuniTolations which eo 
it ; or, in other words, noon the position of th 
ducting wire with regara to.the generating an 
ducting metals of the Toltaic combination, am 
the part, npper or lower, as the case m«r be, 
action is concentrated by the spiral foldis. 

^ 322. We must now return to a more par 
examination of the action of the single win 
the magnetic peedle, which is not of theaimi 
tnre wfeuch at fist appears, bat which was sbM 
by Dr. Faraday with nis usual ability. If It be 
in a perpendicular position, and made to ajpi 
towards one pole of the needle, the pole will 
simply attracted or repelled, but will make an 
to pass off on one side, in a direetioii depi 
upon the attractiye or repulsive power of the 
but if the wire be continually msule to approa 
centre of motion by either the one or other a 
the needle, the tendency to move in the fom 
rection wiU first diminish, then become null, a 
timately the motion will be reversed, and the i 
will powerfully endeavour to pass in the oppos 
rection. The opposite extremity of the need] 
piresent similar phenomena in the opposite 
tions.(79) Dr. Faraday drew the conclusioi 

sed, and (the ring bein^ held in its first position) it be 
half way through the ring, the latter, when loosed, will, 
placed exactly in the centre, move towards the pole w 
nearest to it, and, when clear of the magnet, will be fira 
led, and then, turning round, will be attracted, and paa 
over the pole, and rest in equilibrio at its centre. 

(79) Thii 

represents h 

tal sections 

'B. conducting 

different pi 
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tiie direction of the forces was tangential to the 
circumference of the wire; that the pole of the 
needle is drawn by one force, not in the direction 
of a radius to its centre, but in that of a line touch- 
ing its circumference ; and that it is repelled by the 
other force in the opposite direction. In this man- 
ner, the northern force acted all round the wire in 
one direction, and the southern in the opposite. 
Each pole of the needle, in short, appeared to have 
a tendency to revolye round the wire in a direction 
opposite to the other, and, consequently, the wire 
round the poles. Each pole has the power of act- 
ing upon the wire by itself, and not as connected 
with the opposite pole, and the apparent attractions 
and repulsions are merely exhibitions of the revolv- 
ing motions in different parts of their circles. 

9 323. The needle, in its usual mode of suspen- 
sion, in which the two poles, which are oppositely 
impelled, are both subjected to the action of the 
same part of the wire at the same time, cannot, 
of course, exhibit these rotatory motions ; it rests 
in a state of equilibrium between the two forces 
across the wire; but, by ingeniously limiting the ac- 
tion of the electricity to one pole. Dr. Faraday suc- 
ceeded in producing the actual rotation of the pole 
about the wire, and t)f the wire about the pole. He 
immersed a small magnet perpendicularly in mer- 
cury, confining its lower end to the bottom of the 
vessel in which it was contained ; it thus floated, al- 
most vertically, with one pole above the surface : a 
wire was then fixed perpendicularly, so as just to 
touch the mercury in the neighbourhood of the pole, 
and, when a current of electricity was transmitted 
through the wire from a voltaic curcuit, the pole im- 

with regard to the needle, s m, balanced in its centre. They are 
marked a or r, according as they appear to attract or repel the 
adjacent poles a and ir ; and the arrow heads indicate the diiec- 
tioo of tne drcDlar motioDt which woaU result if the poles 
coold be inmhUed. 
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mediUal; begaa to rotate abeot the wire. TlMdt 
rectian of tbe rotuion depended npon the mdaft 
relation of the pole nod currenL Wiwa the cnnHC 
from the xinc to the co[^)ei deseeoded the wife,4M 
m&rked pole rotated from left to right ; the TinWtltf 
ed pole from right to left ; andt when the enmatwiv 
TBTened, the rotation was Ghaaged.(SO} When OMV 

(SO) Tba lUlowiiw figure repraMoU an ((fianttm bf «UA 
thenUtiaa of theptda of i mijpet maud lbs caodnctmci 
udthacofre^ondincraUtioiiaF thewiraToand UmSim 
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m^inttMmMCDiT. Tbe niltato dicintiicMh 
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the principle had been illustrated, the suspension of- 
both magnet and needle were varied by different ex- 
perimenters in many different ways ; and even the 
thermo-electric currents excited in two parallelo- 
grams of silver and platinum wires, fixed across 
each other, and heated, at the points of junction 
of the two metals, by a spirit-lamp, were made to 
rotate under the influence of a magnetic pole. 

^ 324. When the electrical current is made to de- 
scend through the upper half of the magnet itself, 
delicately resting upon a point, so as to act exclu- 
sively on the pole which is situated in that half, and 
is then diverted from the lower half, which may be 
effected by copper wires projecting from the centre 
and one end, and dipping into circular grooves filled 
with mercury, the magnet will rotate with consider- 
able velocity upon its axis. 

$ SS5. The influence of the pole of a magnet upon 
electrical currents may be exemplified by liquid as 
well aa by solid conductors. By immersing the two 
electrodes of a voltaic battery into mercury con- 
tained in a shallow basin, a magnet, held either above 
or below the line of communication, will cause the 
mercury to revolve round the points from which the 
currents diverge. Even the flame which is produced 
by the continuous discharge of a powerful voltaic 
battery between two charcoal points, is obedient to 
the same laws ; for Sir Humphrey Davy found that 
the arched stream of light produced by a battery of 
2000 plates, was thrown into a rapid rotatory motion 
by the action of the pole of a magnet placed near 
it. A very pleasing way of showing this effect is 
to make a powerful horseshoe magnet part of the 
conducting wire of a constant battery of a moderate 

It to more ronnd the pole. When the current is established in 
die direction of the arrows, the wire commences its revolution. 
Bat these rotations may at once be produced by the same cur- 
rent by connecting the wire a with tne ziucode, and of with the 
ftatinode, of a Toltaic battery. 
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number of cells; the flame, which rnvj^ fhan b 
drawn from one of its poles, will rotate in one di 
rection, and that from the other in the opposite. 

^ 326. The current of electricity, which vmam^ 
through the cells of the voltaic battei^r itself, ez-^ 
hibits the same electro-magnetic properties as those^ 
in the conducting wire, and a needle is affected br 
it in the same way. If a double cylinder of coj^mt, 
of about two and a half inches diameter, and of the 
eame height, closed at the bottom, so as to be capa- 
ble of holding dilute acid, be supported by an arch 
of copper upon a point resting upon one end of a 
pendicular magnet, and if a cylinder of sine, " 
constructed, and dipping into the cell, be sup[ 
by another point upon the top of the former, boih 
cylinders will freely turn upon their points. The 
two together will constitute a single cell of a ?ol- 
taic battery, and, when filled with acid, an electric 
current will pass from the zinc to the acid, and will 
ascend from the copper through the pivot back again 
to the zinc. The zinc, therefore, is in the condition 
of a conductor, conveying a stream of electricity 
downward, and will, consequently, revolve under 
the influence of the magnetic pole which it sur- 
rounds. The copper cylinder, on the contrary, is 
in the situation of a conductor conveying a current 
upward, and will revolve in the contrary direction. 

S327. Such a circumferential action and tangen- 
direction of a force was wholly unknown to the 
time of Dr. Faraday's discovery. All other know 
forces emanating from a point, and exerted uponac 
other point, act in the direction of a line joining thes* 
two points ; and such is the case with the electric 
and magnetic actions considered as unconnected. 

^ 328. Another general fact was ascertained by 
M. Ampere soon after the discovery of (Ersted 
When two conducting wires are suspended in such 
a way as to be capable of moving eitner towards or 
from each other at the time that electric currents 
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wre passing through them, they mutually attract or 
repel one another, according as the currents are 
moving in the same or in opposite directions. It 
does not matter whether the currents be derived 
from the same battery or from two ; when they 
flow in the same direction, they will manifest a mu- 
tual attraction ; when in opposite directions, a mutual 
repulsion. This action is variously modified when 
the relative inclinations and positions of the currents 
are varied. (81) 

When a slender steel wire is coiled into a helix, 
and placed in the voltaic circuit, it will instantly 
shorten itself whenever a current is sent through 
it, owing to this mutual action of the different rings 
of the coil through which the current passes in the 
same direction, and it will recover its former dimen- 
sions, from its elasticity, the moment the current 
ceases. 

(81) Let o D be an extended current passing from c to d, and 
the upper lines. represent various positions of terminated cur- 
rents, of which; the directions are maj^ked by the terminal ar- 
rows. The dotted arrows will then point out the directions of 




the resulting motions. , JtTjw^l be seen Ihat^ when the terminated 
current is frrnn the line-'of^ the, extended current, it is urged to 
move in the same direction ;' butfii^heti^ its current is towards the 
extended current, it is urged tb.inOveln the contrary direction. 

* It will at once biB perceiv- 
ed, !that if the motion of the 
' terminated current were re- 
stricted to rotation round 
an axis at one of its extrem- 
ities, as shown in the an- 
nexed figure, the action of 
the current, c d, would car- 
ry the terminated current, 
A B, round the whole cir- 
cumference of the circle. 




^ 399. H. Amptoe itmnnes the mutual attractioin i 
and repnlBioBs of «lectrio currents as the fundamen- 
tal fact to which, by the help of si particular by poth- I 
eais THpecting tb« conBlitmion of magneta, all tite 
other factB, not only of electro-mMgnetism, but of 
magnetiam ateo, are reducible. He sufiposes tbst 
all bodies poweaaiiig magiwtic properties, including 
ttie earth itself, deriTe dioae properties from currents 
of electridt^ continarily Cirenlaiing anaoiig the par- 
ticles of which thej are compoBed, and bavins', '"^^^ 
relation to the axes of llie«e bodies, a uniform direc- 
tion of revolntioo, in planes perpendicular to those 
nies. We have already seen (^ 319), that the ac- 
tion of condtictiDg wire*, rolled into the farm of a 
flat spiral, produces on one side the effects of a mark- 
ed pole, and on the ottaet of an unmarked pole of a 
magnet. The actions of a helix at its two extremi- 
ties, and at some distance beyond them, is similar; 
and if the two ends of the wire which has formed 
the helix be bent back so as to return in a atraigU 
course along the axis till they arrive at the midifla 
point, where they are again bent at right angles, bo 
as to pass out between the coils, it may be freely 
suspended in various ways, and will completely im- 
itate a magnetic cylinder. Such an eleetro-dynamie 
eylinder, as M. Ampere has named it, may be substi- 
tuted in almost every form of experiment for amag- 
net, whose properties it will possess only so longss 
a current of voltaic electricity is transmitted through 
it.(83) 

^ 330. We formerly (^ 313) referred to the hypoth- 
esis of magnetic eltmenti, which was adopted to ac- 
count for Ae phenomena attending the fracture of 
a magnet, and which considered each particle of 
magnetized iron as a separate magnet ; in Uke mao- 
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U. Am[t6ra's brpothesia legaids the electric cat- 
I, to which amagDet oweBitapropeTtiei.aacJr- 
iingrouDd each conatitnent particle, all of which, 
ing in the same direction, will prodnce a com- 
1 effect which is equivalent to that of a circular 
ant flowing unirortnty rotmd the circumference, 
e regard a needle with its maifced end pointing 
le north, then the voltaic en rrents would ascend 
le weBtera aide, pass from west to east in the 
>r aurface, and descend on the eaetem aide : 
would circulate, that is, in a direction conttarjr 
.at of the currenla which are mi[^iosed to pio- 
' the magnetiun of the earth. 
J31. All the principal effects of terreetrialmag- 
im maf be miitated by distributing a wire round 
surface of an artificial globe, in a spiral direo- 
. from the equator to the poles, the two eztrem- 
being turned inward, and brought out at the two 
:, by which the connexion may be made with 
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tbetattoT- A JBoagnstib nMdl6,'poiN 
•d in dUferant ntualiofw near socn a g 
.nii|» ito^- ia poutioiis perfectly analoi 
MliMilly aMumed by the clipping need 
■pondiDg iegione of the earth. 

The origiaof the enrrenta which mut 
pdre^ thecNTfy droulate in the globe 1 
weat, in |danea pandlel to the magQ< 
may poeaibly be found in the action 
raya on mcceanTe parts of the tonrid 
cing thermO*«lectric cinrrents in that d 
. 4^330. The tendency which a magi 
ducting wire have to place themeelvet 
1^ to one another, follows from the sa 
118, and may be ascribed to the tem 
trwosverse cnrrtots in the magnet i< 
the coodndor to ^itablish a paralleL' 
th0m^(83) 

The phenomena of rerolving motio 
by the tangential force are also easi 
upon the same principles ; but we must 
selves with this brief indication of a t! 
has conferred immortid honour upon it 

^ 333. A continued rotation, of a d 
from those which we have been hithei 
ing, may be produced in a spur-wheel 
perpendicularly between the two poles 

(83) Since th 
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shoe magnet, when a voltaic current is transmitted 
across its diameter by means of some mercury in a 
groove, into which the wheel is made to dip to al- 
low of freedom of motion. If a mere wire, con- 
ducting a current, be suspended in the same situa- 
tion, it will be attracted or repelled, according to the 
direction of the current ; the opposite poles, acting 
upon opposite sides of the wire, concurring to give 
it the same direction. In either case it will be 
thrown out of the mercury, and the circuit being 
thereby broken, the effect will cease till the wire 
falls back by its own weight and restores the con- 
nexion. The current will then be re-established, 
and the same influence again exerted. If the wire 
terminate in a spur-wheel, dipping by its radii into 
the mercury, as one radius is thrown out of the 
mercury, another will enter it, and the wheel will 
revolve with great rapidity. It is not even neces- 
sary to divide the wheel into rays in order to pro- 
duce the effect ; for a circular metallic disc will re- 
volve equally well when it is traversed by an elec- 
trical current passing into mercury between the 
poles of the magnet 

^ 334. The voltaic current may be influenced by 
the earth's magnetism precisely in the same wjiy as 
by a permanent magnet, or an electro-dynamic cyl- 
inder; and wires delicately suspended have been 
made to exhibit all the phenomena of attraction, 
repulsion, direction, and rotation, by its action, al- 
though but feeble. 

Maonbto-Electbioitt. 

^ 335. The phenomena of electro-magnetism are 
produced by electricity in motion; accumulated 
electricity, when not in motion, exerts no magnet- 
ic effects. Dr. Faraday early felt convinced that, 
*'' as every electric current is accompanied by a cor- 
responding intensity of magnetic action at right 
aoj^B to the current, good oooducUm ol ^^sb^XTsssn* 



292 YOLTA-BLSCTRIG INDUCriON. 



ty, when placed within the sphere of tiiis Betioil, 
shodd have a current induced through them, or 
some sensible effect produced equivalent in force 
to such a current. '^ These considerations, with 
their consequence, the hope of obtaining elecfcnd- 
ty from ordinary magnetism, stimulated him to in- 
vestigate the subject experimentally, and lie wis 
rewarded by an affirmative answer to the question 
proposed. He thus became, like CBrsted, the found- 
er of an entirely new branch of natural philosophj. 

^ 336. If a wire connecting the two ends of a 
deucate ^galvanometer be placed parallel and close 
to the wire connecting the poles of a voltaic batt^ 
ry, no effect will be produced upon the needle, how- 
ever powerful the current may be. If the points 
opposed in the two wires be multiplied by eoiling 
the one, as a helix, within the convolutions of the 
other coiled in the same way, both being covered 
with silk to prevent metallic contact, still no eflEbct 
will be discernible so long as the current is oninter^ 
rupted. When, however, the current of the battery 
is stopped by breaking the circuit, the needle is mo- 
mentarily deflected, as by a wave of electricity pass- 
ing in the same direction as that of the main cur- 
rent. Upon allowing the needle to come to a state 
of rest, and then renewing the contact, a similar 
impulse will be given to it in the contrary direc- 
tion. While the current continues, the needle re- 
turns to its state of rest, again to be deflected in the 
first direction by stopping the current Motion 
may be accumulated to a considerable amount in 
the needle, by making and breaking the contacts 
with the battery in correspondence with its swing. 

^ 337. The same eff*ects are produced when, the 
current being uninterrupted, the conducting wire is 
made suddenly to approach or recede from the wire 
of the galvanometer. As the wires approximate, 
there will be a momentary current induced in the 
direction contrary to the inducing current ; and 
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the wires recede, an induced current in the same di- 
rection as the inducing current. 

^ 338. After Dr. Faraday's discovery, many in- 
genious contrivances were made for exalting the 
effects and facilitating experiments. The most 
complete arrangement now in use was the original 
combination of Mr. Saxton. 

A very powerful horseshoe magnet, formed of 
numerous steel plates closely applied together, or 
an electro-magnet of soft iron of the same form, is 
placed in a horizontal position. An armature of 
the purest soft iron has each of its ends bent at a 
right angle, and is mounted in such a way that the 
surfaces of those ends are directly opposed, and 
close to the poles of the magnet ; in this position it 
may be made to rotate rapidly in a vertical direc- 
tion; by means of multiplying, wheels and an end- 
less band. Two series of copper wires, covered 
with silk, are wound round either end of this bar, as 
compound helices. The extremities of these wires 
having the same direction, are connected together, 
and with a circular disc rotating with the armature 
in a cup of mercury, with which it is, therefore, in 
metallic communication in every position of the 
disc. The other extremities of the wires are 
united together, and, passing without metallic con- 
tact through the spindle upon which the apparatus 
turns, terminate in a slip of copper, with two oppo- 
site points placed at right ancles to the axis. 
These, in the act of rotation, aUemately dip into 
and rise above the mercury in another cup, which 
may be connected with the first at pleasure by 
means of a copper wire. By tfie laws of magnetic 
induction, the armature becomes a temporary mag- 
net whenever its bent ends are opposite the poles 
of the magnet, and ceases to be magnetic when 
they are at right angles to them. The momenta- 
ry feneration and destruction of the magnetic force 
which will- be oppoeitely directed in the bar as its 
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oppoate endB becoin« opposed to the noM polM ii 
the act or roCBtion, must, by the laws of magaota 
olectric iiuluctioiit induce coTrespODding oppovti 
•lectiic cuirenU in the copper wire if the circuit In 
complete, b^ the immeraioQ of the ptnnts St the mo 
ment of their pusage. The points are so amngec 
that, standing neariy at right angles to the mol*' 
ing bar, they Jnst rise from the mercury as its eadi 
become opposed to the poles of the magnet, and lb 
eirouit being thus suddenly bnAen u the momeni 
of the electnc wave, the current posses in the torn 
of a brilliant spart.(64) 

(84) Tbii figure lepTMonti ■ ndian of ttx. Surim^ mm 
Delo«lscUicKl mcbioa. a b la tbe boneihM naoHM. osiM 
re oT rafl iron, ■tBUdiug in > tnmaiane dvaetua la ttal 
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^ 339. By means of this magneto-electrical ma- 
cbme, all the well-known efFects of voltaic currents 
may be very commodiously produced. When the 
communication is made between the spindle and 
the revolving disc, by means of a fine platinum wire 
instead of the dipping points, the wire may be main* 
tained at a red heat ; although the effect being pro* 
duced by alternating currents in opposite directions, 
a kind of pulsation, or intermission of the light, may 
be discerned. Upon making the communication 
between the two mercury cups by means of cop- 
per cylinders grasped in the hands, a continued 
painful contraction of the muscles of the arms takes 
place, which destroys voluntary motion, and, under 
certain circumstances, is perfectly intolerable. If 
the currents be transmitted into liquid electrol3rtes 
by means of platinum electrodes, they are readily 
decomposed. 

^ 340. However large the quantity of electricity 
may be which is thrown into circulation by a single 
voltaic circuit, its intensity is very low, and it is 
"Wholly incapable of effecting its passage by disrup- 
tive discharge. In consequence of this, when the 
conducting wire is very short, no spark is visible 
upon makmg or breaking contact between the gen- 
erating and conducting surfaces ; or, at most, a very 
minute one upon the latter occasion. Neverthe- 
less, when the wire is long, a very bright spark is 
produced upon breaking contract. This spark is 
greatly increased when the same long wire is coiled 
up into a helix ; and still more when it is wound 
found an iron core, so as to constitute an electro- 
magnet. Under these last circumstances, if the 
ends of the wire near the battery be grasped by 
a person with moistened hands, he will receive a 
considerable shock at the moment of breaking the 
contact at a point between the place at which it is 
held and the battery, and the spark wiU be dVctsee^ 
islted. If a deeomix>aiiig appuato» >)« HsMt^nMi^ 
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not oaneat will pu« thrmgh ihe laUer so long as 
the conUM witli tM Mlaiy plates is mainiained ; 
but, OD brsikiof omtMt,..bdide of potassium will 
bs decompoMd U Uw fomer, and the eituation of 
tha avolved iodino wiU iffOre that the decomposi- 
thn bM bMD cdfecWd by a current in an oppoBite 
dinctimi lo that trftba batterj' current. la this last 
a^wriment a bi^hl naik occurs at the place of dis- 
jnactioa,indicatiii(tbat(uiIy asmall part of the ex- 
tia carreut pa tto i the daoomposmg apparatus be- 
oatwa (rf its soiall condacfin; power. The most 
inatmctiye set of nanlta are, however, obtained 
when agalTaoometer ia inttoduced between the ez- 
inmitiaa of tha condncting wire. Wbea contact U 
then made, a portion of the prlmar; current which 
paaBBB through the principal wire is diverted through 
the gaWanometric wire, and the needle is deflected. 
If, whQe in this situation, it be forced back by pins, 
ap])lied upon opposite sides of its two extremities, 
to il« natural positioQ when unuifliienced by a cnr-, 
rent, and the battery contact be then broken, it will 
be strongly deflected in the opposite direction { thoa 
ahowiDg that the extra current followed a coune 
in the cross-wires contrary to the one produced t^ 
the direct action of the electromotor. 
. ^ 34L. It is clear, then, that, at the moment of iia 
return to its natm'fd state, a reflex ware of electri- 
re, wbich la 
riaduciarat' 
t in a patallel independent wire. 
It ia generated, also, by the aame lateral or mag- 
netic force, and it is increased, like the tatter, by the 
reaction of the temporary magnetism of toft iron 
in the moment of its cessation, and by the joxt^to- 
sitioa of the coils of a helix. 

In fact, if a second and independent wire ba 
placed. b^ the side of the primary conductiiig wire, 
a» by GOiltog the two together in ooa lud^ taUnf 
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care that they maybe well insulated, so long as the 
circuit of the second wire is not complete, the pri- 
mary wire will give a good spark ; but, upon com- 
pleting the secondary circuit by bringing its ends 
into metallic contact, the whole of the lateral force 
will be expended upon it, and little or no spark wiU 
appear when the primary circuit is broken. Then, 
again, if the ends of the second wire should happen 
to be disconnected at the moment when the batte- 
ry contact is broken, a spark will there appear in- 
stead of occurring at the disjoined extremity of 
the principal wire. Even the weak current of the 
thermo-electric circuit (^ 284) may be made to yield 
a spark from this secondary action by the assistance 
of a helix. 

^ 343. In the wire of the helix of the magneto- 
electric machine, these principles of action have an 
important influence. From the construction of the 
apparatus^ the current is permitted to move in a 
complete metallic circuit of great length during the 
first instance of its formation : it gradually rises in 
strength, and is then suddenly stopped by the 
breaking of the metallic circuit ; and thus great in- 
tensity IS given by induction to the reverse current 
which at that moment passes. Different effects are 
produced by varying the length and diameter of the 
wire upon the armature. A great length (1500 
3rard8) of fine insulated copper wire will decompose 
water with the greatest advantage, and give the 
severest shocks ; but a less length (40 yards) of 
thicker wire will give the largest sparks, and ignite 
the largest quantity of platinum wire. 

^ 343. By a primary coil of thick wire of 190 
feet in length, the connexion of which with a vol- 
taic circuit may be rapidly made and broken by a 
spring pressing upon a toothed wheel and an in- 
ducteous coil of finer wire 120 yards long, the ends 
of which may be grasped by the hands, an electro- 
dynamic machine may be oonstructed, the effectt 
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of which are utterly intolerable. The continuous 
shock of this instrument is sufficient to destroy 
life in a cat, or other animal of the same size, if di- 
rected through the head. 

\ 344. In the voltaic circuit, the self-induction of 
the conducting wire generates a current which per- 
vades the cells of the battery itself as well as its 
own substance ; for if a long wire or coil be con- 
nected with a series of cells, not only will the large 
spark be formed when the circuit is broken at the 
extremity of that wire, but at any of the short wires 
of the other cells. The effect upon the electroljrte, 
from this reaction, has not yet been examined. 

345. If we now cast a retrospective glance upon 
the collective phenomena which have come before 
us, how wonderful appears the nature of that mys- 
terious force, which we can at pleasure call into ac- 
tion by the mutual influence of masses of metal 
upon each other exerted at a distance, and without 
diminution of substance or power; or from the 
union of a few grains of zinc and oxygen, accompa- 
nied by the simultaneous disunion of equivalent 
proportions of oxygen and hydrogen ! A force 
which, at the same moment and in one circuit, will 
radiate the only light which is capable of rivalling 
the intensity of the solar beam ; disengage a heat 
which will fuse the most refractory metal ; control 
and paralyze the muscular energies of the most 
powerful animals ; suspend the force of gravity, 
and give mechanical motion to masses of matter; 
and, acting upon the ultimate molecules of matter, 
will decompuse the most intimate combinations of 
affinity at one point, and recompose them at an- 
other ! ! 

Mere differences of temperature in some sub- 
stances, and the mutual friction of others, will also 
call this marvellous agent forth ; and, to complete 
our admiration, we have now to contemplate it as 
the product of animal life, and placed as an offen- 
sive weapon under the control of animal will. 
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^ 347. The T3fiie noiiosis vhich were entertained 
of the Batme of this animal forte, ercn id la;er 
times, cannot be better exemplified than by au ex- 
tract from a paper on the subject, pubhshed in the 
PkUatopheai Irwsaetums for 167S. by Stephano Lo- 
renzini. He observes : ~ The chief wouder of this 
animal, and that which gires it its name, is the be- 
nnrabing faculty which is seated in the two semU 
circnlar or falcated muscles on each side of the 
thorax, which consists of fibres, irregular* but as 
large as a goose-quill, and made up of bladders filled 
with a kind of water ; one end of these fibres bt^ing 
fixed to the skin of the belly, and the other to that 
of the back, on which may be plainly seen the ves- 
tigea of the fibres' ends. Now, when the fish con- 
tracts those fibres, there issue out corpuscules fitttnl 
to the pores of a man's skin, so as to outer u|h>u 
immediate contact, bnt not otherwise, and di^^turb 
the posture of the parts, and to cause pain, as when 
one's elbow is hit or knocked ; and this ooinos most 
by the fingers' ends, because these are ends of ton- 
dons. And this pain is more or loss as the con- 
traction of the fibres have immitted more or loss.'* 

^ 348. As a contrast to these untouHble, hypo- 
thetical assumptions, we may refer to 11 pap^T on 
the same property of the torpedo, by Mr. vViilsh, in 
the PAi^OMfJ&af TVvmaicltoju of ^^ Ho 
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set ont, also, with t, hypothcBi* which, at tba 
time, was sufficiently bold, that the effect was dtc- 
tt-ital; but, in the true spirit of the inductive fdiiliw- 
ophy, he immeiiiateljr proceeded to teat the txd&- 
ciency of the suppoeitioa by welVderiBad expen- 
nients. He found that the shock of the torpedo 
could be transmitted throuoh conductors of elMtn- 
city, SB metals and water; and that it waa intaf- 
rupted by no n- conductors, as glass and sealing-wax. 
He discovered that the back and breast of the ai^ 
tnal were in different states of electricity ; and tlul) 
to receive the shock, it was necessary that then 
should be a conducting commumcatioo between 
the upper and lower surfaces. The shock, whan in 
air, appeared to be about four tiroes as strong •■ 
when in water. His results have been conflnned 
and extended by recent experimsaters, and partis 
ularly by Dr. Davy, who succeeded in e^ctiu 
chymical decomposition, the magnetizatioa of ste^ 
and the deviation of the magnetic needle, by the 
electrical current of the torpedo. He also ascer- 
tained that the electrical organ upon the under ani^ 
face of the animal corresponded to the zinc extienw 
ity of the voltaic circuit, and its upper surface to Utt 
copper extremity. (85) 
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^ 340. This ^ower of generating and directinff an 
electrical current at pleasure is also possessed by 
a fresh-water fish, gymnoius electricus^ which at first 
view appears very much to resemble an eel, and 
which, consequently, has been named the electrical 
eel ; a fine specimen of which, forty inches in lengthy 
is now being exhibited in the Adelaide Gallery. It 
is common in all the small rivers which flow into 
the Orinoco in Guiana, and also in Surinam. 

^ 350. Dr. Faraday has lately experimented with 
this animal, and communicated the results to the 
Royal Society. He employed two collectors form- 
ed of copper plate, bent into a saddle shape, which 
passed over the fish, and enclosed a certain extent 
of the sides and back, and thick copper wires were 
brazed to them to convey the electric force to the 
experimental apparatus. They were covered with 
sheet caoutchouc, the edges of which projected at 
the bottom and ends, and the parts of the wires 11- 
aJble to be in the water were also covered with the 
same substance. By these means, the part of the 
animal within the caoutchouc was insulated from 
the surrounding water. The greatest effects were 
produced when the collectors were applied to the 
anterior and posterior parts of the gymnotus. 

Dr. Faraday concludes, that a single medium dis- 
charge of the fish is at least equal to the electricity 
of a Leyden battery, containing 3600 square inches 

diMecting ofF the akin, which consists of white pliant columns, 
in a close, and. for the most part, hexagonal arrangement, giving 
a general appearance of a honeycomb in miniature. These 
cohirons have sometimes been denominated cjrlinders ; but, hav- 
ing no interstices, they are aU regular, and chiefly six-cornered. 
b, the skin which covered the organ, showing on its inner side a 
hiaagona] network, e, the nostrils in the form of a crescent 
d, the mouUi in a crescent contrary to that of the nostrils, fur- 
nished with several rows of ver? small teeth, e, the branchial 
apertures, five on each side. //, the outward margin of the 
greater lateral fin. g g, the two imaUer lateral fins. A, the fin 
of the tail. 

Co 
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of glass coated on both sides, charged to its hidiait 
degree ; and, notwithstanding the greataess of thn 
force, the animal can give a double and triple shock 
with scarcely a sensible interval of time. 

Using the saddle collectors, the needle of a gal- 
vanometer, not particularly delicate, was affectea to 
the amount of 40o, and the current was always 
found to be from the anterior parts of the anionl 
through the galvanometer wire to the posterior 

garts. An annealed steel needle, placed m a little 
elix, was rendered magnetic, and polar decompo- 
sition of a solution of iodide of potassium was easily 
obtained. A secondary spark was obtained by 
means of a good magneto-electric coil, and aft6^ 
ward a direct spark between the surfaces of two gold 
leaves. (86) 

^ 351. It was evident from the experiments, that 
all the water and all the conducting matter around 

(86) This figure exhibits the whole of the two electrical or- 
^ns on each side of the gymnotus, the skin being remoyad « 
far as these organs extend. They consist of two ports; viSi 
fat partitions or septa, and cross diTisions between them. Htf 
outer edge of these septa appear externally in jparallel lines, new* 
ly in the direction of the longitudinal axis ot the body. These 
septa are thin membranes, placed nearly parallel to one another. 
Their breadth is nearly the semi -diameter of the body of the aid 
mal. They are of different lengths, some being as long as the 
whole organ, a, the lower surface of the head of the animal ; h 
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the cavity of the belly ; c, the back of the fish where the skin has 
not been removed ; d d, the fin which runs along the loweredge 
of the fish ; b b, the skin turned back ; r f, the lateral muscles 
of the above fin removed, and carried back with the skin, to ex- 
pose the small electrical organ ; g o o, the large electncal o^ 
gan 'f H H, the small organ. 



GTXNOTUi. 303 

the fish, through which a discharge circuit can ia 
any way be completed, is Med at the moment with 
circulating electric power; and a number of persons 
all dipping their hands at the same time into the tub, 
the diameter of which was 46 inches, received a 
shock of greater or less intensity, accordingly as 
they were more or less favouhibly situated with re- 
gaid to the direction of the current. 

^ 352. The gymnotus can stun and kill fish which 
are in various positions with respect to its own body. 
On one day, when Dr. Faraday particularly observed 
it, a live fish was dropped into the tub, and the gym- 
notus instantly turned round in such a manner as to 
form a coil enclosing the fish, the latter represent- 
ing a diameter across it. A shock passed, and, in 
an instant, the fish was struck motionless, as if by 
lightning, in the midst of the waters, its side float- 
ing to the light. The gymnotus made a turn or two 
to look for its prey, which, having found, ho swal- 
lowed, and then went searching alK)ut for more. 

^ 353. To obtain an adequate idea of the power 
with which this extraordinary fish is armed, we 
must have recourse to the accounts of its action in 
its native streams ; and the Baron de Humboldt has 
furnished us with the following graphic description 
of the Indian mode of fishing for gy mnoti, by means 
of horses : 

"' The extraordinary noise caused by the horses' 
hoofs makes the fish issue from the mud, and ex- 
cites them to combat. These yellowish and livid 
eels, resembling large aquatic serpents, swim on the 
surfaod of the water, and crowd under the bellies 
of the horses and mules. A contest between ani- 
mals of so different an or|ttzation furnishes a very 
striking spectacle. The iffians, provided with har- 
poons and long slender reeds, surround the pool 
closely ; and some climb upon the trees, the branch- 
es of which extend horizontally over the surface of 
the water. By their wild cries and the len^^h of 
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their reeds, they prevent the horses from nmning 
away and reaching the bank of the pool The eels, 
stunned by the noise, defend themselves by the re^ 
peated discharge of their electric batteries. During 
a long time they seem to prove victorious. Severn 
horses sink beneath the violence of the invisible 
strokes, which they receive from all sides in organs 
the most essential to life ; and, stunned by the force 
and frequency of their shocks, disappear under the 
water. Others, panting, with mane erect and hsg^ 
gard eyes, expressing anguish, raise themselves, 
and endeavour to flee from the storm by which they 
are overtaken. They are driven back by the In- 
dians into the middle of the water; but a small 
number succeed in eluding the active vigilance of 
the fishermen. These regain the shore, stumbUng 
at every step, and stretch themselves on the sand 
exhausted with fatigue, and their limbs benumbed 
by the electric shocks of the gymnoti. By degrees, 
the impetuosity of this unequal combat diminished, 
and the wearied gymnoti dispersed. They require 
a long rest and abundant nourishment to repair 
what they have lost of galvanic force. The mules 
and horses appear less frightened ; their manes are 
no longer bristled, and their eyes express less dread. 
The gymnoti approach timidly the edge of the 
marsh, where they are taken by means of small 
harpoons fastened to long cords. When the cords 
are very dry, the Indians feel no shock in raising 
the fish into the air."* 

^ 354. In the anatomical construction of these 
animals, as displayed in the dissections of Mr. 
John Hunter, the most striking thing is the large 
proportion which the ^ptrical organs bear to the 
rest of the bodies of tn^nimals. In both species 
we recognise a structure which is contrived for 
large extension of surface in a small space, which 

* Penonal Narrative, chap. Xfii. 



remindd' ns of the simflar comtmctioii of cmt toI- 
taic arrangemeDts. These are so atHmdazunr ss^ 
plied with nerves as to bare led Mr. Hooier ta 
remark, with regard to torpedoes, thai * the ma^iii- 
tode and the number of the nerres besiovea on 
their organs, in proportion to their size, bdsl am 
reflection, appear as extraordinary as the pheaomeiia 
which they sifford ;" and in speaking of tbe grmDo- 
tus, he says, " in this fish, as well as in tbe torpedo, 
the nerves which sapply the organ are much larger 
than those which are bestowed on any other put 
for the purposes of sensation and action." 

The electric organs of the torpedo and g3rmDotB8 
cannot be considered as connected with those which 
are of direct importance to the life of the »«ima|y 
but to belong rather to the common teguments ; and 
it has been found that such torpedoes a hatre been 
deprived of the use of their peculiar organs, have 
continued the functions of Ufe quite as well as those 
in which they were allowed to remain. 

The nervous energy of the animals evidently be- 
eomes exhausted during the production of eleetri- 
city, and there is an apparent production of elec- 
tricity equivalent to the quantity of nervoos force 
consumed. 

^ 355. Living, as these animals do, in the midst 
•f so good a conductor as water, our first thoughts 
are thoughts of surprise, that they can sensibly 
electrify anything ; but a little consideration makes 
the perfect design of the whole arrangement obvi- 
©us. It is by the conducting power of the water 
alone that the force can be communicated to the an- 
imal to be struck, and we may contrast this state 
of things with what would result if the body of the 
fish or its victim were surrounded with air. 

The fate of a gymnotus which had been caught 
and eonfined for the purpose of transmission to this 
country, will illustrate the point. This animal, not- 
withstanding its wonderfnlpower«)¥ra&.^^\2^^*^ 

Cc2 
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perish ignobly under the attacks of a water rat 
Much surprise was excited by this catastrophe ; but 
all wonder ceases when we consider the perfect 
manner in which the body of the rat is insulated. 
When he dives beneath the water, not a particle of 
tht, liquid adheres to him ; and his non-conducting 
fur, and the air which it contains, clothes him with 
armour which is perfectly proof against the bolts q[ 
his formidable antagonist. 

^ 356. Never was there a more tempting field of 
research, or a higher reward offered for its success- 
ful cultivation, than that which is presented by am- 
mal eleclrtcity. In these electric fish we behold ner- 
vous power converted into electric force ; it cannot 
be doubted that the converse of this is posaaUe. 
We are, however, only upon the threshold of this 
inquiry of surpassing interest. It belongs, indeed, 
exclusively to the physiologist to connect these two 
branches of physical philosophy ; but he who would 
take up the investigation with any hopes of success, 
must not only be well skilled in comparative anat- 
omy and dissections, and conversant with the vital 
functions of animals, but must be master of all that 
is known of that extraordinary agent, the laws of 
which we have been endeavouring to expound under 
the names of current affinity and electricity^ and must 
follow, with zeal and industry, the rapid progress 
which science is daily making in their development. 

^ 357. The phenomena of the electric fish have 
lost none of their interest since the days when Mr. 
Walsh first communicated his experiments upon the 
torpedo to Dr. Franklin, and we cannot bette^^ take 
leave of the subject, at present, than by recalling 
the words with which he closed his letter upon the 
subject to that eminent philosopher. 

" I rejoice in addressing these communications to 
you. He who predicted and showed that electri- 
city wings the formidable bolt of the atmosphere, 
will hear with attention that, in the deep, it speeds % 
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kmnUer bolt, silent and invisible. He who ant- 
Wsed the electrified vial, will hear with pleasure 
uat its laws prevail in animate vials. He who, by 
leason, became an electrician, will hear with rev- 
erence of an instinctive electrician, gifted in his 
birth with a wonderful apparatus, and with skill to 
ise it.''» 

^ 856. We have heretofore (^ 189) seen heat as- 
sociated with light, and both connected with, and de« 
veloped by, electricity (^197 and 238) ; it will be our 
next object to inquire into the nature and properties 
of this important agent. The union of light and 
heat exists in the greatest perfection as they are 
projected from the sun. These two constant as- 
sociates in the sunbeam radiate in all directions 
Ifom the glorious centre of our system, and spread 
themselves, like gravity, through space with an in- 
tensity decreasing as the squares of the distances 
increase. 

LlOHT. 

^ 359. The cause of that impression upon our 
«yes, which excites in us the sensation of light, is, 
like that of heat, to be traced to various sources. 
The sun is the great fountain, not only of heat, as 
we have already remarked, but of this twin emana- 
tion from it to the earth, and to all the members of 
the solar system. 

It emanates, also, from terrestrial matter in dif- 
ferent states of activity. It is thrown off when cer- 
tain homogeneous substances act upon one another 
by the mechanical force of friction ; thus, when two 
pieces of quartz or rock crystal, or two lumps of 
loaf sugar, are rubbed together, they emit flashes of 
light in a dark place. 

It is generated in still greater abundance when 
heterogeneous bodies act upon one another under 

* PUlotophical Ttannctioni, 1773. 
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the force of chymical affinity; and all the coniw^ 
means of artificial illumination by lamps, can^^]^' 
and gaslights, are dependant upon this action. ^^^ 

All solid bodies, also, heated to a temperature ^ 
about 800O, begin to shine in the dark ; and if a aay 
rent of air at 90(P, which is in itself non-luminoUt 
be made to strike upon pieces of metal, earth, &&, 
it will speedily communicate to them the power of 
radiating light. 

The passage of electricity excites it with a de- 
gree of intensity only surpassed by that of the aoliur 
ray : and the processes of life are capable of evolf- 
in£ it, as we see in the glow-worm and the firefly. 

\ 360. Bodies in such state of action are caUed 
self-luminous ; but by far the greatest number poft- 
sess no such property at ordinary temperatores. 
All bodies, however, though not luminous in them- 
selves, nor capable of exciting any sensation in onr 
eyes, become so on being placed in the presence of 
a' self-luminous body. When a lamp, for instance, 
is brought into a dark room, not only the lamp is 
visible, but all the other objects in the room. A 
sunbeam, again, admitted into a darkened chamber, 
will only illuminate objects directly in its course ; 
but if any of these be white, as a sheet of paper, 
the whole apartment will become illuminated by this 
secondary act or radiation. We have this fact illus- 
trated on the most splendid scale of nature in the 
heavenly bodies. The sun we have just recognised 
as the great self-luminous source of the system: 
the moon and planets possess no such inherent en- 
ergy, but those parts of them on which the sun 
shines become for the time luminous, and perform 
all the offices of self-luminous bodies. Thus we 
perceive that the communication which we call light 
subsists not only between luminous bodies and our 
eyes, but between luminous and non-luminous bod- 
ies, or between luminous bodies and each other. 

$ 361. The investigation of the properties of light 
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eonstitntes the peculiar province of optics ; one of 
the most splendid and perfect departments of ex- 
perimental science which the human mind has ex- 
plored. The radiant force of li^ht produces the 
sensation of sight by striking against the expanded 
nerve of vision, the retina of the eye, and the effect 
produced is not merely transient, but persistent du- 
ring a measurable interval of time. The eye has, 
therefore, the power of retaining visual impressions 
for a sensible period of time ; and in this way, re- 
curring actions, made sufficiently near to each other, 
are perceptibly connected, and made to appear as a 
continued impression. Hence it is that the act of 
winking with the eyelids forms no impediment to 
correct vision. 

It has been ascertained by experiment, that the 
impression which the mind thus receives lasts for 
aJ[)out the eighth part 'of a second ; so that any point 
of light revolving with a velocity sufficient to com- 
plete the circle within that time, will not be seen as 
a fiery point, but as a fiery circle ; the impression 
made by it in every part of its revolution will re- 
main until it comes round again to the spot from 
which it set out. Thus, if a narrow slit be cut in a 
circle of pasteboard, from the circumference to the 
centre, and it be held before the eye, and made to 
spin rapidly upon its axis, objects will be seen 
through it as if it were wholly transparent, and only 
covered with a thin gauze. Many familiar appear- 
ances are explicable upon the same principle, and, 
among others, the magical effects of fireworks, in 
which revolving jets of flame produce the impres- 
sion of continuous wheels of fire. Several beauti- 
ful illustrations of it have also lately been contrived 
in the form of toys, which are well calculated to 
excite wonder, and, it is to be hoped, a somewhat 
more rational curiosity with regard to their con- 
struction. (87) 

(87) The Thamutrope, which lervet to \Unllt•SA^3aaA'^S^aBfi2^ 
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^ 868. There are two hjrpotheses wi 
the nature of light, which have hithertc 
opiniooB of philosophers. 

The hypothesis of enUssian suppose 
consists of a highly attenuated fluid, i 
of which are not affected by gravity, 
dned with a prodigious self-repulsive fo 
actually projected from luminous substai 
lines, with inconceivable velocity. \^ 
form some notion of matter in such a 
we contemplate the direct rays of th€ 
rectilinear course of the light is shown 
of floating dust or minute drops of w 
are illuminated in its course, and mark 
ing direction of its progression. 

In the hypothesis of undulation, on tl 
the whole universe, including the inters 
of all matter, is conceived to be filled w 

pie, is a circular piece of card, on the opposite 
are delineated two objects having some relation 
The card, by means of two strings fastened to opf 
its circuinference, is made to revolve rapidly, wn 
jects will appear united. Thus, in the figure, th 
appear mounted on the back of the dog. 




The Phantasmascope, or Phanistoscope, is a moi 
plication of the same principle. The same object : 
different parts of the circumference of a large cii 
a number of different postures. Between each of 
a narrow sUt. The back of the card being hek 
eye, and a mirror being placed opposite to it, the 
to revolve rapidly, when, by vision through the 
come before the eye, a constant reflection of the 
seen, which will appear to go in succession throu, 
&reat postures in woich it has been drawn. 
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elastic, rare medium, which possesses the property 
of inertia, but not gravitation, to which the name 
of ether has been given. This medium is not hght, 
Imt light is produced in it by the excitation on the 
part of luminous bodies of an undulatory motion, 
analogous to the waves of water, or those vibrations 
of the air which produce the impression of sound 
upon the ear. 

^ 363. A ray of light consists, according to the 
first hypothesis, of a line of particles projected from 
the luminous body and impinging upon the eye; 
according to the second, of a series of undulations 
excited by the luminous body, which reach the eye, 
and produce the sensation of light by correspondmg 
vibrations of the optic nerve. 

An assemblage of a number of such rays, pro- 
ceeding together in the same direction, is csdled a 
pencil of rays. 

Having premised thus much upon the hypotheti- 
cal views of the nature of light, we will proceed to 
examine the phenomena, and the laws by which 
they are governed, with as little regard to hypothe- 
sis as possible ; and we shall speak of a ray of light 
as of a radiant force, without reference to its nature 
and the mode of its propagation. 

^ 364. Light requires time for its propagation ; 
but the rapidity with which it travels is so great as 
to be absolutely insensible in such distances as oc- 
cur on the surface of the earth. It is only when we 
direct our observations to the celestial bodies, whose 
distances from us are commensurate with its velo- 
city, that we can appreciate the fact. Astronomy 
has proved, by the most unexceptionable calcula- 
tions, that its progress is at the rate of 195,000 miles 
in a second of time ; a velocity which transcends all 
comprehension ; and it is only by reflection, and a 
CK>mparison with more familiar phenomena, that we 
can form some conception of it. 

*' A cannon-ball would require seventeen years at 
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least to reach the sun, supposing its ▼elocity tq 
continue uniform from the moment of its dischai]^ ^ 
yet light travels over the same space in seven nuiK 
utes and a half. The swiftest bird, at its utmotft 
speed, would require nearly three weeks to inakft 
the tour of the earth ; light performs the same dit-> 
tance in much less time than is required for a singls 
stroke of its wing."* 

^ 365. The first relation of light to ponderaUe 
matter, which we shall notice, is, that most bodies 
possess the property of intercepting it in its prM- 
ress, while a few allow it to traverse their sob- 
stance. Hence the distinction of bodies into opaqney 
and transparent or diaphanous. The light of the 
sun or of a lamp freely reaches ys in straight lines 
through a plate of glass, but is wholly excluded 
from our eye by the interposition of a plate of metaL 

An opaque screen interposed between a luminoos 
body and a sheet of paper or other object, casts 
what is called a shadow upon such object, und the 
shadow is similar in figure to the section of the 
body which produces it ; and hence we learn that 
the rays of light are transmitted in straight lines. 
The luminous rays are cut off by the body of the 
screen, and, being prevented from falling upon the 
object behind the surface, exactly coincident with 
its boundary, remain in a state of darkness; bat 
they continue their course beyond its edge, and il- 
luminate the surrounding space. 

^ 3G0. The law of the decrease in proportion to 
the squares of the distances, may be experimentally 
proved by means of the shadow of an object ; for a 
board of a foot square, at a certain distance from a 
light, just shadows a board of two feet square at 
double the distance, and the latter has four times as 
much surface as the former ; t. e., the light which is 
concentrated upon the first board would be diffused 

* HiRBCHiL*s Discourse. 
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BT fovat txnm tba tpace if niffeied to fall v^^oa 
I Mcond. (See 6giure 1.) 
in accurate photometer, or meaaore of light, k 
[L»4eaideratiiai of scieoce. A Tery simple meth- 
: of oompariog two aources of iUuminatioa waa 
Igeaiediiy Count Rumford. They are ao ar- 
mei m that each may oaat a ahadow of aome ob- 
Btt as a atick, upon a plain white surface ; the eye 
B then form a tolerable Judgment of the relative 
akneaa of these shsidowa. The brighter light, 
Uch OMCta the deepeat shadow, is then to be re- 
i«!ed| or the w^er to be apinroached, till the twa 
a equalized; and the distance of the two ligb(a 
Ma five object which intercept their rays being 
w are d , the relative intensity of the lighu will m 
. die squares of the distances. In thia caae the 
iidow of one hght ia illuminated solely by the 

fc0('ib% other, while the surrounding space ia 
Ihated by the rays of both ; when the shadowa, 
p^i^ce, are equal, the lights are equal. The eye, 
NMver, is not much more to be depended upon for 
I'iMliBate dT light than the hand is for the weight 
^Jlfi i^eet presented to it, pai^ticularly when any 
||m|k6e of colour may tend to perplex the judg- 

f^ - 

!%M7. When a pencil of light trayerses space or 

'Mrfscfly honogeneoua medium, ita conrae ia 

Unilinear and its Telocity uniform ; but, when it en- 

niptera an obstacle or a difierent medium, it un- 

a Mo ea. certain modifications, of the nature ol 

mch we muat endeavour to form aome diatinct nop 

B 'aeparatea itself into several portiona, which 
^soe different courses, and are otherwise differ- 
itiy modified. One of theae portiona ia rwgvM^ 
§miui or turned aside, and, after reflection, purauea 
^qiivae whoVy exterior to the obatacle or new me- 
Abb ; a aecoQd portion penetrates the medium, and 
■MO or taa fmfftwM or bent out of ita oiifiMil 
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dinMiMi ; * ft diird portion ii mb$orhei o 
fourth .pQrtioa is repelled Arom the eur 
tftote itself in an HhrecttonB. 

4 S88; The ipiriitaanr law of reflezioii 
tneideat mod reflected rays, which are a 
Mune plane, form eqnal angles with a p 
to the surface at the point of incidenc< 
enlly thns enonciatM; the angle of 
aqoal to the angle of incidence. (88) 
same . law which governs the coliisio 
moving under the influence of mechs 
whether that motion be of a solid, dir 
or of a liquid propagating by vrayes. 

If we admit a small sunbeam into 
chamber, and receiTO it on a plane poll 
of glass or mefealf we may easily conyic 

(88) Let 
ing surface 
lignt impin 
a perpend: 
from r torn 
reflected in 
tion, and n 
r. If the 1 
upon m, in 
m, it will b 
m to 6 ; th( 

tion, r IN &, measored from the perpendicular, i 
to the ^ngle of incidence, r m a, measured fton 
pendieular. 

. Tbe teflectinff snrfiBce may be either plane or 
latter case, Mch point of the sur£ue will act 
email plane. 

The elementary optical instruments in which 
reflecting Ugfat is applied, go under the name of i 
are either plane or curv^, and of the latter, 
portions of a sphericaj surface, either concave 
most frequently used. 

In a plane mirror, an image is seen of an 
front of it. This image is seen as if it were s 
nirror as the object is in Aront of it ; is erect, \ 
dse as the object. The image of each point 
nil from it perpendicularly upon the auifiice of 
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if the fact by the measareraent of the angles. 
' Moreover, to see the image of any object by reflec- 
tion, it is necessary to place the eye in a situation 
to receive the rays which proceed from the object 
It the same angle at which they originally strike 
Ihe observer. 

The greater the angle of incidence, the more light 
k reflected from all substances, except the metals 
which reflect the greatest quantity of light at smail 
angles. Even the rough surface of a plaster of 
?ma cast, or a sheet of hot-pressed writing paper, 
will aflford a very perfect image of an object at a 
very large angle. 

^ 369. All known substances, not excepting air, 
the most diaphanous of all, reflect some portion of 
light, and it is calculated that a person plunged 160 
WBt in the clearest sea would find the light of the 
Ban no more than the light of the moon ; and if we 
look at a luminous object through a transparent 

S'ece of glass, we shall find that the object becomes 
m in exact proportion to its thickness, so that 
diere is no such thing in nature as perfect trans- 
parency. On the other hand, there is reason to 
suppose that no body possesses the property of 
perfect reflection ; for light penetrates in an inap- 
preciable quantity into the surface of all bodies, and 
even 'into gold itself, as it is easy to be assured of 
by holding a piece of leaf gold between the eye and 
any strong light, when it will be foimd to be perme- 
able to Uuish ra3rs. 

^ 370. Light may be so reflected from regular 
curved concave surfaces, that all the rays may con- 
verge to one point or focus. In this case, the di- 
rection of each reflected ray is the same as if it 
had taken place from a plane surface, tangent to 
the curve at the point of incidence. (89) 

(89) In a concave spherical mirror, the rays which ML upon 
It panllel are made to converge ; if the mirror be a small por- 
tkn of a aphericBl sor&ce, and the imya &U nearly parallel to 



.§m. Whninrofli|fctliadafitMaiUadM»< 
SDM ^kutmeat, it naj ba almoat vliol]^ iiiiwi 

SB Biis of the mirror, the converging nija ma;, without mnii- 
B error, be coDSUJered aa mealing- at a point disiint half the 
ndiuB of the mitiot frum ita centra) point. This point, to which 
(Mallei rays are made Wcoiiverge, is called the principal focni. 
"■' ' "' " ireasDt the polisbed eon- 



^ 



Thepoinl 
I caLlsd ihe principal Tocus. U an 
gtest distance, aa, for instance, a heavenly bodj, 
the rajia which proceed from il are la all ialeiila parallel, and 
■n image will be formed of Ibis object in the principal locut. 

Wc?de, until, when Ihe objecl i« at the diaiance i^ radi'is, ijS 
image will be al the same distance. The objeci being broughiaSB' 
uarer^ the image continuea to recede, until the former reaoBH 
«ie principal focua, when the reflected rays go off paralle', anfflP 
Image is tormed, or ia at an infinite digtaiice. When ihe objMt 
il nearer lo the minor than Ihe principul iixas, the Image ap- 

Eirj as if It were behmii the mirroi. So long as the image » 
med ia Eronl of the nicror. it ajid the focni ■» Mid lo M ac- 
tml. When the image aptieu* a( if it wen behind tba mirAr, 
I be vrtttJ, 



tli^ are asid to b 



imin il KlDal, It il ImeiMd ; whsiitlMqMM 
it. Tin re'-— " — ' — '—- ■ - * ■•-- - 



« TclattT* liDMl in 



ui EuuTBz wjAmicMi mamn. 111* fbeai i« alwaifi viMuli flw 
image, thorefixa, ■ppean M if it wen iomiBd beud Uw nton 
^t,iiid ■^iluu' thin ''- -■-■-— 



/■ImperfacL Tl 
goei bv the name of the aphwic aWretloD. 
1 n« raya which fall neareat the edget of « aphnical nUROT 
convergefiiBi, thaae whicbMiieiieat theeentn<^ themitior 
OHKerga Itieat Theit |)roJM(ion ob aplui* MibM, IfaMlto*, 
fomia a apecisa of curre, e(»i>ex on the nda (omida tlMBoiiio^ 
wiucb il cilted ft ^q^tir. 
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iside by reflection from a metilix: mimiz. m wbj 
direction according to the angk u wmvL unt niirrw 
is presented to it. If it then be maM: U' iai. uifCiL 
any object, it will affect that objec; hk ixit urifiudi. 
ray ; one part will be absorbed or fxuueuibUM. an- 
other reflected, and a third wilJ be irregiuarji tviav- 
led or scattered : it will assume a si&^e a' seu/itatn 
radiation. It is this portion which reuben ul oujw: 
visible in all directions. This scatieret iigui. ibiiuif 
npon other bodies, is again reflected anc (iiii}«f9MJC 
from them, and makes all of them aibo Tisnut:. a^ 
though in a less degree, because of Ui% paruai au 
sorption which is constantly takiiig pihc«. auc lut 
whole apartment is lighted. No bucL ^eii4::ra. i4gu> 
iDg is produced by regular reflexion frciiL luit luirruf 
and the effect depends upon the naiure of tue u\mV} 
on which the rays fall. If it be upon a ism^\ ti5 
white paper, which absorbs but liitk, thv a;iar.Uieii*. 
will.be well lighted ; but if upon Uack vdvt;t, « Ih'jl 
absorbs nearly the whole, the apartment wiL reouut 

dark. 

This property is of the utmost imponaoo% to 
vision; it is possessed in various degreeb by al 
bodies on the earth, and very remarkabJy by lii^ 
atmosphere which surrounds it. By t^M;b«; Uiea,itt, 
the light derived directly from the sun ih dtfluMTO: 
and that milder radiance maintained whi<;b )i: vj 
agreeable to the eye, and which rerid*jrt «ibj«>*?1* 
visible when the sun^s direct ravs do not fati up'/ii 
them. But for this, indeed, all bodies shaded t'tuiu 
the sun would be perfectly dark or black, that ib, t</ 
tally invisible; and without an atmosph<tre, th*- hMn 
would appear a blazing orb in a black hky. On i*fi\ y 
mountains, when half the atmosphere is U;iow ih</ 
level of the ^ib»erver, it is well known that tU vun's 
rays are painfully intense, and the sky is of iIm 
daikest btM, almost approaching to black. 

^ 372. WUn a pencil of li^ht falls on the «urfa«'ii 
of aoy t tt os p a ini n t unciystaUized mA«Uufloi«^ ^^^<k ^ 



318 



UFRACTXON. 



a portion of it is reflected, and another portion, which 
serves to make the surface visible, is scattered in all 
directions; the remainder penetrates the medinin, 
and pursues its course within it. If it enters it per- 

Eendicularly, it passes through in a straight hne; 
ut if at an angle, it is bent from its course, and is 
said to be refracted. In the reflection of light, the 
law, as far as regards the direction of the reflected 
ray, is the same for all reflecting substances : in re- 
fraction it is otherwise, and each different medium 
has its own peculiar action on light ; some turning 
a ray incident at a given angle, more out of its course 
than others. (90) 

(90) If, in this diagram, we suppose a ray of light shot from c to 
ty to penetrate the surface of a piece of glass, f A, it would reach 
directly across to 6 ; but if the ray fall obliquely, as from dXoc, 
then, instead of continuing its course to i and k, it wiU, at 

^ the moment of its ea- 

w •*s. trance, be bent down- 

ward into the path e 
e, nearer to a une, e 
0, called the peipen- 
dicular to the sur- 
face at the point of 
3 entrance ; and then 
moving straighdy 
while in the sub- 
^ stance of the glass, 
it will, when it pass* 
es out again at e^ 
in the opposite sur- 
face, be Dent just as 
much as at nrst in 
the contrary direc- 
tion, or away f^om 
^ a similar perpendic- 
ular at the surfiace t e, into the line e /, instead of the Ime e n. 
A ray, therefore, passing obliquely through a transparent body 
of parallel surfaces, has its course shifted a little on one side of 
the original course, but still proceeds in the same direction, or 
in a line parallel to the first. An eye, therefore, looking at an 
object, d, obliquely through a piece of glass,g Ap 9, with paral- 
lel surfaces, would see it in the direction / d' inst^id of tne di- 
rection/dy and to the left of its real position. 
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The degree of bending, or refraction of ligtit in 
traversing a transparent medimn, is ascertained by 
comparing the obliquity of its approach to the sur- 
face with the obliquity of its departure after pass- 
ing, and the ratio of these two angles, when light 
passes from a vacuum into a given substance, is call- 
ed the index of refraction. (91) 

When light passes obliquely from air into water, 
the refraction or bending is such, that the line meas- 
nring the obliquity before the refraction, or the sine 
of the angle of incidence, is always longer than the 
line measuring it after refraction, or the sine of the 
angle of refraction, by nearly one third of the lat- 
ter : and the refractive power of water is therefore 
signified by the index 1 1-3 or 1.33 : as, in like man- 
ner, the greater refractive power of common glass 
has the index 1 1-3 : that of the diamond, 2 1-S, and 
so on. Whatever relation holds between a ray and 
the refraction in any one case, the same holds good 
in all cases. If, for instance, the obliquity measived 
by its sine be 40, and the refraction be half, or SO, 
then in the same substance an obUquity of ten wili 
occasion a refraction of five, &c. 

^ 373. Genenilly speaking, the refractive power 
of snbstances is in some degree proportioned to 
their densities : water, for instance, acts more pow- 
erfully than air, and has its power increased by so- 

(91) For the purpose of determiimig the index of refrtctiun, 
a line is supposed to be drawn perpendicularly through thn sur- 
face, at the point of incidence, as in the last figure, a h, drawn 
throagfa e, and the relative ixwitions of the ray to this line art 
easily ascertained. Thus, if we strike a circle from the utuUn 
C with the ndius c c, in the plane of the ray d c e, the linn r a, 
drawn from its point of intersection with the ray before iri«;|. 
dence to the p^sr^udicular, will be a measure oi the orivifisl 
obliaaity or an^vlar distance of the ray, and is callisd the fm« 
rf the angle <>f incid^ ; and another line, o e, drswrt from « vnt ■ 
raspondiiig wnx of the perpendicular to the ray after psMinr, Is 
a measure *i U* obliquity after refracUon, and is called fA« fin* 
of lAe «H'*_y ^«*«w; by comparing these two Unas, Mm 
■moani €t rorietKn IS aaontamBd. 



w 

bat Sir L Nswton obHnred, tlut i^flMinwl^a j^jh 
cUncM bad greatw rafractire pow«n ttim otMij, 
ud bo in eoi>Hqu«Dce foretold, what iilijiiiiiii|i|BM 
■DM M rmMikaUr reriSftd, thU tbe iiamatfi-, ujE 
wu«r WMiid b« foaDd to conuia inJaBimiMa pal- 

CiplM. 

HjdKvai. ndphnr, phoaphonis, wax, turpentine, 
camphor, mid oin, »« dittiaguiahed by a refractive 
power, manj limM. gr c i o r in respect to itieir den- 
■ilie» duu nuMt Olbw mibstancea. Cbromate of 
letd; OB Ibe other hwid, which is not combustible, 
pOMeaMB the power ia an extraordinary degree. 

4 374, Huy fomiliu phenomena might be suS- 
oinitloepiinttGeiti attentive observer of thisactioa 
of trMUfwrORt sobatucea upon lighu Thua, when 
ftatiek'N immetaod obliqaely in water, it appeara 
beat, at the poiat of immersion; and if an object, 
eDChaaKptaoeof coin, be placed at the bottom of 
abaaia, and the experimenter place himself so that 
the aide of the tbbbbI taaj just eoaceal it, upas 
pouring water into it, it will become Tisible. 

^ 375. The direction of the refracted ra; dependa 
upon the relative position of the surfoce of the tnuia- 
parent body, not only at its point of entrance, bat 
also at its exit ; and thns, bj rariously modifying the 
anrfaces of refractive media, the rays of light trans- 
mitted may be diverted almost at pleasure. By re- 
fraction at convex surfaces, for instance, they may 
be made to converge to a focns, and all their power 
cendenaed at one particular point; the refnM;ti<m 
taking ^ace «• if each ray fell upon a plane aar- 
fhce, tangent to the cnrve at the point of inci- 
dence. (93) 

(93) The tnsipsiBiit fabMaoMmiMtfnqaMitlraMdlbtep- 
ticd purpoMi i( glua. Tbi* w granml into ■ racwtj of fbrat, 
of wbich tha more important aie prjcm* wtd leiUM. 

PnwD* used for optical parpoisa an triansolar, tad sBM 
lifht in the toDmimf nunnf 
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V B proper adJnBtment of sarftuMs, the original 
wtioa 01 a ray entering a piece of glasa may ba 
bled at its emergence, and some very curious 
eta produced. The phenomena may be beet ob- 
red t^ meana of a triangular prism of glaea or 
ar refiacting substance. Tbe light which falls 
a one of the faces is refracted at the first snr- 
), and also at the second surface ; bat the second 
action does not bring tbe ray into a direction 
mel with the incident ray, as is the case when 

surfaces of the glass are 
lUel; but they are per- 
lently bent into another 
ctian.(93) 

the umaiad figon, a ny of 

iDslf oo ue upper intbee « 
prism { it ■■ then niEnctad oat 
■ ottiinsl diieetlon towud* ■ 
emiiGQlu to tbe luifiee. On 
tctnc fram Ibe ucond tui&ce, 
brthsi nfacted ialo tbe di- 
on, g, awaj tiom tbe perpeo- 
ku to that lutfice. It if alio 
(Med into di&reat poctioru, of 
tliBrareUieeilreiiiei. 
1) Of leoae* ibeie ire lii diflerant fomu, each gnclaaed 
»o *Tinmetric lurfacet, of whisb one at least ia cnned. 
» foiiae are u followa : 
Fig. 1. Fig. 2 Fig- 3. Rg. *. FSg. 5. 

The plano^eonvei leaa i* bounded by a plane and a oo» 
■pherlcal luTbce. F)g, 1. 

The double coDtei lena ia booBdod bj twit tgbttial a^ 
B,bothafiThichaieconTei. Fig 9. 
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^376. The most extraordinary fact co 
with the refraction of light is, that a pure 

3. The planoconcave lens la bounded by a plane i 
cave spherical surface. Fig. 3. 

4. The double concave lens is bounded by two sphi 
ftces, both of which are concave. Fig. 4. 

5. The meniscus, bounded by a concave and a cc 
ftCjB, and in which the convexity of the latter is greate 
concavity of the former. Fig. 5. 

6. The concavo-convex lens, bounded also by a coi 
a convex spherical surface, but having the concavii 
than the convexity. 

These six forms may be divided into two series. Ir 
the first series, Nos. 1, 2, and 5, parallel rays converg 
fiaction to a point on the opposite side of the ler 
therefore have an actual focus. In those of the seco 
parallei rays are made to converge, as if thev came fro 
on the same side of the lens with that on which they 

In a double ccmvex lens of crown glass, whose tvn 
have the same curvature, parallel rays converge to the 
curvature of the surface on which they first fall. H 
verted image of the object will be found. The object 
case at so great a distance as to be considered infinite 
the object approaches the mirror, the image recedes, 
former reach the distance of a diameter from the lens, 
object and image will coincide. On bringing the ol 
nearer to the mirror, the image continues to recede, 
object reaches the distance of a diameter, when no 
formed Up to this time the image is inverted. Wh€ 
ject is brought still nearer to the lens, the image bee 
tual, is erect, and larger than the object. The relative 
the object and its images are in the inverse ratio of 
spective distances from the lens. 

The properties of the plano-convex lens are the ss 
the exception that the distance of the principal focus, 
sequentiy, of the images, is twice as great as in the dc 
vex lens. The same is true of the meniscus, with the « 
that the distance of its principal focus is still greatt 
the planoconvex lens. 

Tne double concave lens makes parallel rays diverge 
no actual image ; but when the rays which fail upon 
fracted, they appear to come from a point twice as fj 
from the lens as the foci of the double convex lens. ' 
therefore, virtual images, which appear to be forme 
same side of the lens with the object ; they are erect, ar 
appear smaller than the object. Their distance, cons 
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white light from the son, admitted into a darkened 
room throngh such a prism, instead of be is^ re- 
fracted altogether, and appearing fitili as a »i;'^ 
ray, is divided into several rays of c-iTerei.: r.-nd 
colours. It is thus said to be anaiyzc^i or dcc>aB- 
posed into its elementary rays. Sere:: pK&c:;;^ 
colours may be distinguished, viz.. red. or«ire. yt^ 
lovir, green, blue, indigo, and violet : azid r. 2« cvu;^ 
to the unequal refrangibility of the rays wij:* pr> 
duce them that their separation ia eSta/ti. ' M^ Tint 

virtual images, is the same as those d the messL sups tf iw 
double convex lens. 

The plano-concave lens his the same sroperaei ai :ae aocuK 
concave, Init the distance of lu pm^paf f xri^f a Tvjst m f^atL 

The concavo-convex has also aiauJar pryxrrjst. zrr. 'jut sjt- 
tanceitf its pxincipai focus is greateiihax. eves, c:^ }»iMUL^-jir- 
cave lens. 

Lenses have a spherical abemtioD WTifar z. zttSaeift *.t use 
of mirrors. 

(94) In the annexed diagram, b x repraeEiis a nr c^ hpc 
passing into a daifc rhamhfa- thiongh a : 




dow-shutter, w w When a pnm, p, -mik vem Ki xm, ^ _ 
downward, is interposed in its pasMgc, t^ nj. g^ wifTrf 
two refractions, is bent upward townds s : tsk viiex Ji» &g'»t i 
upon a white screen, placed st a oatmiBKut trntoBt ifBorJL 
the prism, forms an oMong image, cok iuwj vxz. zut 
tints named in Uie margin. When a mate^nfla. y^m 
by the dotted triangle, Q, is placed bdove t&e fine a -^ 
position, the opposite actions of tht tao ecfrae 
colour disappeais, and the sffsct iatke 
from the interDositkm of a pioes of! 
sides are panlleL 
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of th9 pine of Uie «i^ fC 
liae of the angle of ,iQeideoc§, Mlnu «gu< 

Tabu XZV.'— Qf Oe RefrangHifUy qf.Mni 
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^377. Tfam the rsd ray IB tlie least bent, 
iMai the idobI. This unequal refpa ngibiljfy 
an accidental circumstance, but is a pvopeiijf 
rent' in their nature, and wlucli each relaiaB 

being subjected to several refractions ; and no ae^ 
lion of refraction or reflection is capable of ellbel- 
inff their farther decomposition. If thej be again 
collected, as they may be either by refraction thnragh 
the convex sur&ce of a lens, or by reflection from 
the concave surface of a mirror, they will repro- 
duce white light at the respective foci. 

The space illuminated and coloured by a pem^of 
rays from the sun thus analyzed, is called the soUr 
spectrum. 

It is to Newton we are indebted for these beanti- 
fid experiments, and for a theory of colours fomiM 
upon them. 

^ 378. The composition of white light firom th^ 

Lemas slao «ep«iate tbe ligbt which msmm throu^ thMk 
«nd that the image which the? form, in additum to tb» Mtanu 
colours of the object, is fringed around its edgee with tbt MfW 
colours into which white light is separated by the pitam. This 
ia a de&et of even inore impoftaiioe than that whiob 
their spheiical figure ; it is caUed the chiomatje 
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Boven prismatic colours may be roughly proved by 
painting them upon the face of a wheel, and causing 
It to rotate rapidly. Owing to the permanence of 
the impression upon the retina of the eye (^ 361) 
they thus become blended together, and a sort of 
grayish white is the result. The white is imperfect, 
because the colours employed cannot possibly be 
obtained of the proper tints, or laid on in exact pro • 
portions. 

^ 379. This analysis of white light, however, is 
not wholly dependant upon the refractive power of 
a transparent medium, but upon what maybe called 
Its dispersive power: and different bodies possess 
irery aifFerent- powers of dispersing or separating 
the coloured rays of light. If, for example, we 
nai^ke a hollow prism of plates of glass, and fill it 
with oil of cassia, we shall find that the spectrum 
srhich it produces will be two or three times longer 
than tlmt of a glass prism. Different substances 
dot oidj exhibit the diflference of dispersive power 
fenerally upon all the rays of light, but are found 
to act unequally upon the different rays : thus, if 
we compare the spectra produced by oil of cassia 
ind sulphuric acid, we shall find that the least re- 
frangible colours, red, orange, and yellow, will oc- 
:apy less space in the former than in the latter ; 
irmie the most refrangible colours, blue, indigo, and 
riolet, will occupy larger spaces, or be more ex- 
[MUided. 

^ 380. The dispersive powers of dense flint glass 
ind of the lighter crown glass differ very consider- 
ably ; and it is possible so to adjust two prisms of 
these substances together that their dispersive pow- 
ers may correct one another, and yet that a consid- 
erable deviation or refraction of the light which pen- 
etrates them may remain. It is upon this principle 
that Dollond first effected the important object of 
correcting the colours which surround the image of 
objects in a common telescope. Every simple lens 

Ee 
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aett, in some measure, upon light as a | 
only joansuiff. the ra3r8 to, converge to a 
separating them by its dispersive powe 
proper adjustment of different kinds o 
compound lens may be constructed, in 
colour is greatly corrected, and the ray 
made to converge in the requisite degree 
^ 381. The s(Harspectrum, however, in 
purity, is not, as it appears to common o 
to be, an uninterrupted line of light, red i 
and violet at the other, and shading awa 
every intermediate tint iVom one to the • 
is interrupted by intervfds absolutely dai 
those parts where it is luminous, the mteo 
light varies. When viewed in the most i 
ous way and with proper precautions, i 
the appearance of a stnped riband, being 
the direction of its breadth by an infinite 
of dark, and by some totally black bands, i 
irregularly throughout its whole extent, 
are constantly in the same parts of the 
and preserve the same order and relatic 
another : the same proportional breadth £ 
of obscurity, whenever and however exan 
vided solar light be used. By solar ligfa 
understood not only the direct rays of tii 
the reflected and scattered light from 
source, as the light of the clouds or s) 
moon or planets. (95) Though similar 

(95) The principal lines in the solar spectrum ar 
sented. b is the red eTtremity, and v the violet ; 




black line beyond the middle of the red. At d is a i 
line in the orange, the two being separated by a bi 
18 the middle one of a number in the green. At 
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observed in the spectra from other lights, as that 
of the fixed stai-s or of artificial lights, yet they are 
differently disposed, and the spectrum of each has 
a system of bands peculiar to itself. This phenom- 
enon has been ascribed to the action of the solar at- 
mosphere, which may have the property of absorb- 
ing particular portions of the rays of light. A sim- 
ilar specific action has been found in different gases 
and vapours, to which we shall again refer when ex- 
amining the properties of heterogeneous kinds of 
matter. 

. In the spectra from artificial lights, some of .he 
colours are sometimes wanting. 

■The elder Herschel, in examining the solar ray 
by means of a prism of flint glass, found the great- 
est heat in the red ray, or even in the dark space a 
little beyond it ; and concluded that radiant heat was 
less refrangible than the least refrangible of the rays 
of light. Professor Seebeck subsequently ascertain- 
ed that the place of maximum temperature in the 
solar spectrum depends upon the chymica] composi- 
tion of the substance of which the prism is made. 
With a hollow prism filled with sulphuric acid, it fell 
within the limits of the orange space, and with wa- 
ter, within those of the yellow. 

\ 382. The decomposition of light may also be 
effected by absorption : thus, rays of homogeneous 
colours may be obtained by transmission through 
glass stained with certain metallic oxydes : 

Homogeneous red . . Oxyde of copper. 
" blue . . " cobalt. 

Bot more ordinarily the colours of natural objects 
are compounded in several rays, which are left af- 
ter the sibsorption of others. 

strong black line in the blue, o is in the indigo, and h ia the 
most remarkable one in the violet. Between thesCt others are 
situated so thickly that the number of the whole amounts to 
sbont 590. 
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^ 383. Thin plates or scales of different sobstan*^ 
ces, or substances divided by fine regular lines, o^ 
consisting of minute fibres, have also the propert]r 
of decomposing light which falls upon them ; Imt 
the series of phenomena which they present are to- 
tsdly different, and depend upon different principles. 
The simplest case, perhaps, of this curious property 
occurs, if we allow a small beam of divergent light 
to enter into a dark room by a hole not more than 
l-40th part of an inch diameter, or, better still, through 
a small convex lens, and place a thin rod of any kind 
of matter, such as a pin, in its course ; if we then 
examine its shadow, we shall find that on both iddes 
of it there are fringes of coloured light, the colours 
being as follows, looking from the shadow : 

vi^ frirxTo i Violet, iudigo, pale blue, gna, 

First fiinge . . .^ yeUow, red. -«•■*'--» 

Second fringe . . . Blue, yellow, red. 

Third fringe . . . Pale blue, pale yellow, red. 

^ 384. If, instead of white light, any of the homo- 
geneous rays of the spectrum be observed in the 
same way, the fringes will be of the same colour, 
and their intervals black. 

If we now examine the shadow itself, we shall 
find that it also is divided by parallel fringes, which 
vary in number and in breadth according to the dis- 
tance of the body from the shadow that is examined. 

Now these phenomena must depend upon light 
lent somehow or other into and towards the shadow, 
and the name of inflection has been employed to dis- 
tinguish them. The name of diffraction has also 
been applied to them. 

If a screen be placed on one side of the inflecting 
body, and a little behind it, so as to cut off the ac- 
cess of light to that side, the light will pass by on 
the other side, but all the fringes in the shadow will 
disappear ; proving that the fringes in the shadow 
are occasioned by the interference of the rays bent 
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into the shadow on one side of the body, with the 
rays bent into the shadow on the other. (96) 

(96) Let a pencil of rays pass throagh a glass, g o, of homo- 
geneous colour, and fall upon a lens, l, of short focus, fixed in 
a diaphrrngm, m n. Place at a little distance from the focus a 
screen, c s, with a thin fine edge, and receive its shadow on a 
white screen, t t. The line f s l, which would be the bound- 




ary of the geometrical shadow, willnot be the real separation of 
light and shade. The shadow itself, on the upper side, will not 
be totally dark, but will be sensibly illuminated by a faint light, 
gradually shadowing ofif; and below will be observed fringa, or 
alternations of light and dark. The first is a bright band, l, 
parallel to the edge of the screen, then a dark fringe, b, parallel 
to the former. This is called the black fringe of the first order ; 
then again a second bright band, and then a black one, which is 
called the black fringe of the second order ; and so on succes- 
sively till black frini^s may be observed, under favourable cir- 
comstaiices, of the sixth and seventh orders. The bright bands 
become less and less brilliant, till they are confounded with the 
light which passes by the edge of the screen. 

All the colours of the spectrum produce this effect, with only 
this diffiBrence, that, in passing from the red to the violet, they 
become narrower and narrower. It is for this reason that white 
light does not give black and white fringes, but fringes of differ- 
ent colours arising from the mixture of the prismatic colours in 
different proportions. 

The different fringes have their origin in the edge of the 
screen ; and by tracing them at different distances of some 
yards from this origin, it is found that they propagate themselves 
in hyperbolic curves, as represented upon an exagfentsd scsUi 
in the preceding diagram. 



^ 385. " The law of this interference ma 
explained. Let us suppose two minute p 
tight, radiating from two points close to one 
to fall upon tbe same spot of a piece of 
which case they may be said to inierfere 
another (for, if the paper were removed, ih 
cross one anotherat that point). Then, if th 
of their paths (or the distances hetween I 
and the two radiant points) are the same, 
form a bright spot or fringe of light, havii 
tensity greater than that which would h^ 
produced by either portion alone. Now it 
that when there is a certain difTereuce bet- 
lengths of their paths, a bright fringe is j 



of the Lght b; a lens is 




Soppoaing tbe amngemeot tube •> before, onlj tha 
distance from the loeoa, s biir or fine wire, w w, be 
the course of the nj*. iti geometric shidow would n 
ODthe screeniTT. Beyond this, oo each side, sips' 
may be obsened analogouH to tlioae arising from the i 
•cwen. These STB cariedcrimur^infu. 

But, iDsddilionto these, infBWor/HiwMTUT bo obae 
pyiiig the whole width of the shadow. As before, ti 
KBi ID red tboQ in motet light, &c„ and, conteguenlly, 
•AglitpreeeDtfiolaanof lanoaBUUjk. 
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exactly ^similar to what is produced when their 
lengrths are equal. If we represent this difference 
by the letter d, then similar bright spots or fringes 
would foe produced, when the difference in the 
lengths of the paths are 2 i, 3 i, 4 (2, 5 </, &c. ; but, 
what is very remarkable, it is clearly proved, that 
if the pencils of light interfere at intermediate points, 
or at 1-2 d, 1 1-2 d, 2 1-2 d, 3 1-2 d, then, instead of ad- 
ding to one another's intensity, the two pencils of 
liglH destroy one another, and produce a black spot 
or fringe."(97) The distances at which these inter- 
ferences tsike place are different for the different 
coloured rays of the spectrum ; and hence, although 
with homogeneous light, the fringes are only of the 
colour of the inflected ray alternating with black, 
when compound light is employed, they consist of. 
various mixtures of the rays in a definite order. 

(97) If liffht be allowed to enter into a dark chamber by two 
amaJl fmiholes, placed at such a distance that the cones of rays 
only intenect one another at a certain distance, and it be receiv- 
ed apon a white screen, the shaded circles in the annexed fig- 
me will define the limits of the illuminated spaces ; the common 
segnMUt A r D will be much more illununated in its interior 
thain any odier part, and the arcs a d c and a f c will be of re- 




markable blackness, although they receive more light than the 
reit of the circumferences of which they form a part 

If one of *iie holes be closed, the points in a d c or a f c be- 
come more brilliant, although deprived of the additional light 
from the second hole. Light added to light thus produces dark- 
neta, and an obecure space becomes li^^ted by the abetKaction 
of light. 
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^ 386. In giving even the most superficial 
of these interesting phenomena, it is almos 
sible to avoid allu£ng to the two rival the* 
light, for the purpose of remarking that the 
tory hypothesis explains them in the most i 
tory manner, and taking either the analogy < 
undulations, or the musical vibrations of two 
we shall find similar interferences occurring, 
a system of waves on water interfere with 
other at certain intervals, the force of one i 
to the force of the other, and the height of th 
is doubled ; but when they interfere at inter 
intervals, the rise of one corresponds with 
of the other, and both are obliterated. Or t 
of alternate cessation and increase of soun 
is produced by two musical notes nearly in 
and which is known by the name of beatSj j 
a striking analogy with the alternate lumin 
black fringes arising from the interference < 

^ 387. Thin plates of different substances 
analogous phenomena of colour by the intei 
of the rays reflected from the second surfac 
plate with the light reflected from the first ; 
This may be very well exemplified by thin si 
mica, which may be procured of any degre 
nuity by splitting the edge of the plate, and th( 
ing it asunder with a sharp pull. The cole 
pend upon the thickness of the plate, and ai 
the simple colours of the prism. Whatev 
are thus produced by reflected light, the < 
mentary tints, or those colours which are i 
to constitute white light by mixture with the 
be found in the light which is refracted throug 
The same effects are produced in a very b 
manner in soap-bubbles, which, as they gro 
uer by evaporation, exhibit a series of th 
splendid colours. A drop of oil thrown upo: 
face of water, or glass blown very thin, pj 
Bimilar results. 
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The iridescent colours which are seen upon the 
surface of mother-of-pearl are referable to fine par- 
allel lines formed by its texture ; and are produced, 
in a minor degree, even by the surface of sealing- 
wax, upon which their impression has been taken. 
The splendid and variable colours of the plumage 
of many birds is also dependant upon their fibrous 
arrangement ; while in the gorgeous colours of 
shells and fish, we see the effects of a thin lami- 
nated structure. 

^ 388. But the most beautiful illustration of the 
subject is the coloured rings of Newton, the laws 
of which were illustrated by that unrivalled phUos- 
opher. 

He placed two convex lenses of long focal lengths 
aboTe one another, so as to touch at their summits. 
Tbey were kept together by three pairs of screws, 
at equal distances from each other, so as to produce 
legiuar pressure at the point of contact. A regular 
system of circular rings appeared round this point, 
having a black spot in the centre ; each spectrum, or 
order of colours, consisting of fewer colours as they 
receded from the centre. The order of the colours 
of the thin plate of air included between the glasses 
is given in the following table, both for reflected and 
fbr transmitted light : 

Table XXYI.- Colour* of Newton's Rings. 



FiBfT Spbotbum . < 



Sboovo Spbotbum . •( 



BdleetedLi^ 

black. 

blue. 

white. 

yellow. 

oranee. 

re£ 

indigo, 
blue, 
green, 
yellow, 
orange, 
led 



TnuHBittad. 
white, 
yellowish red. 
black, 
violet 

blue. 

white, 
yellow. 

red. 
violet 

blue. 



334 



yXWTON « BIN08. 



Thxbo Sfbctrum 



FOUBTH SfKOTBUM 



purple, 
iiidigo. 

blue. 

green. 

yellow. 

red. 

bluish green. 
2 yellowish green. 






Fifth Spkctrum . < 

{ 



Sixth Spectrum . 
Sbtknth Speotrum 



red. 

blue, 
red. 

blue, 
red. 

greenish blue, 
white. 



yellow, 
red. 

bluish green, 
red. 

bluish 
red. 



Sir Isaac Newton ascertained in this way, by di- 
rect measurement, that air at and below a thickness 
of half a millionth of an inch ceases to reflect lightt 
and at and above a thickness of seventy-two mill- 
ionths of an inch it reflects all the rays of the spec- 
trum. Between these two limits it reflects the va- 
rious orders of colours set down in the table. 

Water at and below a thickness of three eighths 
of a millionth of an inch ceases to reflect light ; at 
and above flfty-eight millionths it reflects white. 

And glass transmits all light at a thickness of 
one third of a millionth of an inch, and reflects all 
at and above fifty millionths of an inch. (98) 

^ 389. The law of ordinary refraction, which we 



(98) The arrange, 
ment of the lenses is 
here shown, with the 
coloured concentric 
rings arising from the 
thin film of air enclo> 
sed between them : 
and in the annexed 
figure they are exhib- 
ited in section ; the 
proportion of the curv- 
atures being much ex- 
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liaye hitherto considered, is very far from general, 
and it only obtains where the refracting raediuAa be- 
longs to one or other of the following classes : 

1. Gases or vapours. 

2. Liquids. 

3. Bodies solidified from the liquid state so sud- 

denly as not to admit of regular crystalline 
arrangement, such as glass, jelly, gums, res- 
ins, &c. 

4. Crystallized bodies of that class which may 

be supposed to be constructed of spherical 

E articles, such as the regular cube, octo- 
edron, &c. 

These solid bodies even cease to belong to this 
class when they are forcibly compressed or dilated, 
either by mechanical force or the unequal action of 
heat. All other bodies, such as salts, crystallized 
minerals, all animal and vegetable bodies in which 
there is a tendency to regularity of structure — as 
horn, quill, mother-of-pearl, &c. — act upon light in 
its passage through them in a very different manner. 
They divide the refracted portion into two distinct 
pencils, each of which pursues a rectilinear course 
within the medium, according to its own peculiar 
law. 

!^ 390. The best exemplification of this mode of 
raction is to be found in a substance called Ice- 
land spar. It is perfectly transparent and colour- 
less, and susceptible of a high polish. It may be 
cleaved or broken into solids of a rhombic form, 
and the natural faces are generally even and per- 
fectly polished. 

aggerated, in order to show the gradual increase in the thick 
of the film. 
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If we take a rhomb of this siibsfsfiee, and look d 
a small illuminated object through it, or b ham of 
light passing through a slit in an opaqne |^te, or a 
black line upon a sheet of paper, in certain posi- 
tions, two images of the object Will appear ; and 
upon turning the rhomb round in its own plaUe, 
so as to make a complete revolution, the two inm- 
ges will assume a regular movement with -regaid 
to each other, so that one will fall upon the other, 
or coincide with it twice in the revolution; and 
it will be easy to ascertain that these coincidences 
take place in two positions of the spary which 
are directly opposite to each other. The maxi- 
mum separation occurs at the two intermediate 
points of the revolution, and the distance is propi(n>- 
tioned to the thickness of the rhomb. (99) 

Hence it appears that a ray of light, in pania|^ 
through Icelana spar, is split into two by some fonm 
residing in the crystal. 

$391. Now the line which joins the obtuse an- 
gles of such a rhomb is designated as the axis 

(90) If we place the rhomb, as in the annexed fignie, abo** 
a shwTD line, the line will appear doubled, as m n, p o ; or t 
dot will be doubled, as e o. u we cause a pencil of li^t, a r, 




to fall upon the surface of the crystal, it will be separated into 
two rays, r Otr e, which will respectively emerge at o and e, in 
the directions o</fet^j parallel to r r. llie same phenomena 
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of the crystal, and it is also the optic axis of the 
mineral. Whenever a ray of light passes along 
this axis, or the principal section or plane of the 
crystal in which it is contained (and which may 
be conceived to contain an infinite number of the 
similar axes of the primitive molecules of which it 
is composed), it passes whole and undivided ; and 
if two artificial planes be ground parallel to one 
another, and perpendicular to the axis, an object 
wiU appear smgle when viewed perpendicularly 
thorough them. In all other directions the ray will 
be divided into two, one of which follows (nearly) 
the laws of ordinary refraction, and may be de- 
nominated the ordinary ray : the other varies from 
those laws, inasmuch as in general its f^ane of re- 
ihu;tion does not coincide with the plane of inci- 
dence, and the sines of incidence and refraction 
cease to have a constant relation to each other : 
it is distinguished as the extraordinary ray. The 
sines of incidence and refraction, however, of the 
extraordinary ray, are always constant in the same 
substance at the point of greatest deviation, which 
happens when the ray passes along a plane at right 
angles to the axis of the crystal; and in certain 
substances the index of refraction of the extraordi- 
nary ray is sometimes greater, and sometimes less, 
than the index of refraction of the ordinary ray. 
Hence crystals have been distinguished as repulsive 
and attractive, or negative and positive crystals. 

There are crystals of other substances, again, 
which present two optic axes, along which a ray 
of light can penetrate without being divided : but 
the position of these cannot conveniently be de- 
termmed with regard to the crystallographical axis. 

win occur by making the ray b r £Edl at the same incidence, and 
in the same direction relatively to the summit a, upon any point 
of the faces. The plane, a c b d, is called the principal section 
of the crystal, and the axis, or the line which may be drawn 
fnm the ■olid angle a to the angle b, is contained in it 

Fr 
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^ 392. If the rays of light which have been sep 
arated by passing through a crystal of Iceland spar 
be made to pass through another crystal plstcec 
similarly to the first, there will be no further subdi 
vision of the light ; the two images will be merel} 
separated to a greater distance from the increasec 
thickness through which the rays pass. If, again 
the two crystals be so placed that the principal sec- 
tions are at right angles to each other, there will U 
still but two images ; but the ray, ordinarily refract 
ed in the first, will become extraordinary in the 
second, and the extraordinary ray will become the 
ordinary. But at all intermediate positions of the 
two crystals there will be a subdivision of each ray 
and, consequently, four images. These four images 
will be of equal intensity when the principal sec- 
tions of the two crystals are at an angle of 45^ tc 
each other ; at all other angles one or other of the 
images diminishes in intensity as the principal sec- 
tions approach to a perpendicular or parallel posi- 
tion. 

Each ray emerging, then, from a crystal of Ice- 
land spar, is only subject to a further division in 
particular positions of a second crystal ; whereas 
natural light is always divided into two portions of 
equal intensity. Each ray has suffered a physical 
change ; it is not acted upon by the force of the 
second crystal as natural light would be, but re- 
quires that the force be applied in a particular di- 
rection, relatively to the modification it has received 
from the first crystal. 

^ 393. This physical change has been called polaf- 
ization (a term derived from hypothetical consider- 
ations of the supposed arrangements of the poles of 
the molecules of light upon the theory of emission, 
but which must now be considered merely as a 
conventional term to express a class of phenome- 
na). There are many crystallized minerals which, 
when cut into parallel plates, are sufficiently trans- 
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' l^rent to allow abundance of light to pass through 
them with perfect regularity, which, upon its emer- 
gence, is found to have acquired the peculiar modi- 
ication here in question. One of the most remark- 
able of these is the tourmaline. If we take a well- 
polished plate of this mineral, of moderate thick- 
ness, cut from a crystal of a brown colour, in a 
direction parallel to the axis of the prism, a candle 
may be seen through it as through a plate of colour- 
ed glass ; and no change will be observed upon 
turning it round. If another similar plate be inter- 
posed between the first plate and the eye, and turn- 
ed slowly round in its own plane, the candle will 
appear and disappear alternately at every quarter 
revolution of the plate, passing through every gra- 
dation of brightness, from the maximum to a total, 
or nearly total, evanescence, and then increasing 
affain by the same degrees as it diminished before. 
If we attend to the position of the second plate with 
respect to the first, we shall find that the maximum 
of illumination takes place *when the axis of the 
second plate is parallel to that of the first. 

^ 394. If we examine the two pencils of light after 
separation by a crystal of Iceland spar, by means 
of a plate of tourmahne, we shall readily perceive 
that the ordinary image (that which is not deviated 
from the axis of the crystal) acquires its greatest 
intensity when the axis of the tourmaline is per- 
pendicular to the principal section of the rhomb, 
and that it becomes extinct in the opposite direc- 
tion. When the axis of the tourmaline lies in the 
principal section itself, the extraordinary image 
(that which lies out of the axis and deviates from it) 
presents phenomena exactly the inverse of the for- 
mer. 

^ 395. The polarization of a ray of light may also 
be effected by reflexion. It takes place at a certain 
angle of incidence (which is therefore called the 
poloriziug angle), which is different for different sub- 



840 POLAEIZATION OF LIGHT. 

Stances. When a ray of light is made to fall upc 
a polished glass surface, at an angle of 56^ 45\ tl 
angle of reflexion will, according to the general la^ 
be equal to the angle of incidence ; and if, in this p 
sition, it be viewed through a plate of tourmaline, 
will exhibit the same series of phenomena as if 
had been passed through another plate of the san 
substance. The light is extinguished when tl 
axis of the tourmaline is parallel to the plane of r 
flexion. 

If, instead of viewing the reflected ray through 
tourmaline, we place another plate of glass so th 
the reflected ray may fall upon it at the same ang 
as upon the first, this second plate may be made 
turn round its axis without vanning the angle whi< 
it makes with the ray which falls upon it. Wh< 
the two planes of reflexion are parallel to each ot 
er, the ray of light or luminous object will be r 
fleeted from the second glass in the same mann 
as from the first; but if we turn the second gla 
round a quadrant of a circle, so as to make the r 
fleeting planes perpendicular to one another, tl 
whole of the ray will pass through the second glas 
and none of it will be reflected. Let us turn tl 
second glass round another quadrant, so as to mal 
the reflecting planes again parallel, and the ray w 
be again wholly reflected. When the glass h 
been turned round three quadrants, the light will I 
again extinguished. 

As. both the pencils of light, into which a ray 
divided by passing through a rhomb of Icelai 
spar, are polarized, but in opposite directions, < 
viewing the reflexion of a lamp from glass, at t! 
proper polarizing angle, through such a crystal, tl 
two images will alternately appear and disappear 
it is turned upon its axis. 

^ 396. It may perhaps assist our comprehensit 
of the connexion of these phenomena to illustra 
them by a rough analogy : a ray of common Ugl 
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as it is emitted from a self-luminous body, we may 
conceive to revolve upon an axis coincident with its 
own direction, as a cylindrical rod may be made to 
turn, or, which comes to the same thing, the re- 
flecting or refracting surface may be made actually 
to revolve around the ray, as an axis, preserving the 
same relative position to it in all respects, and* no 
change in the phenomena will be perceived. 

But if, instead of employing such a ray of ordi- 
nary light, we subject to the same examination a ray 
which has been subjected to the action of certain 
material bodies, and has become polarized in the 
way which we have just examined, We find this per- 
fect uniformity of result no longer to hold good. It 
is no longer indifferent in what plane, with respect 
to the ray itself, the reflecting or refracting surface 
18 presented to it. It seems to have acquired sides, 
a right and left, a front and back, and to be no 
k>nger like the cylindrical stick, but like a four- 
sided one. If we imagine a surface to be made up 
of detached fibres, all lying in one direction, or of 
scales or of laminae arranged parallel to one anoth- 
er, we should find no difficulty in thrusting the cy- 
lindrical stick through such an arrangement in any 
direction ; but a flat ruler would only penetrate it in 
one direction. 

The two rays of light, polarized in opposite 
planes, after emerging from a rhomb of Iceland 
spar, may be represented by two such rulers pre- 
sented to the bars of a grating, in opposite direc- 
tions ; while the thin edge of one passed freely be- 
tween them, they would present an impassable bar- 
rier to the other, which would be presented to them 
crosswise. Supposing the grating to revolve upon 
Its axi&, on the completion of the first quadrant, the 
first would be arrested, and the second would pass ; 
and so they would alternately pass and be stopped 
at each quadrant of the turn. 
. We fiiid, lu>wever, in Professor Wheatstone's ex- 

Fr2 
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periments, to which we have before referred, a 
much more refined and natural analogy to the phe- 
nomena of polarized light in sound. We have al- 
ready seen that, when a tuning-fork is connected 
with one extremity of a straight conducting-rod, the 
other end of which communicates with a sounding- 
board, on causing the fork to sound, thf" vibrations 
are powerfully transmitted. - But, on gradually bend- 
ing the rod, the sound progressively decreases, and 
is scarcely perceptible when the angle becomes a 
right one. As the angle is made more acute, the 
phenomena are produced in an inverted order ; the 
intensity gradually increases as it before diminish- 
ed ; and, when the two parts are nearly parallel, it 
becomes as powerful as in the rectilinear transmis- 
sion. By multiplying the right angles in a rod, the 
transmission of the vibrations may be completely 
stopped. 

To produce these phenomena, it is necessary 
that the axis of the oscillations of the tuning-fork 
should be perpendicular to the plane of the movea- 
ble angle ; for, if they be parallel with it, they will be 
still considerably transmitted. Professor Wheat- 
stone placed a tuning-fork perpendicularly on the 
side of a rectilineal rod ; the vibrations were there- 
fore communicated at right angles; when the axis 
of the oscillations of the fork coincided with the 
rod, the intensity of the transmitted vibrations was 
at its maximum ; in proportion as the axis deviated 
from parallelism, the intensity of the transmitted 
vibrations diminished ; and, lastly, when it became 
perpendicular, the intensity was at its minimum. 
In the second quadrant the order of the phenomena 
was inverted, and a second maximum of intensity 
took place, when the axis of the oscillations had 
described a semi-circumference, and had again be- 
come parallel, but in an opposite direction. When 
the revolution was continued, the intensity of the 
transmitted vibrations was varied in a similar man- 
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aer; it progressively diminished as the axis of the 
oscillations deviated from being parallel with the 
rod, became the least possible when it arrived at the 
perpendicular, and again augmented until it remain- 
ed at its first maximum, wMch« completed its entire 
revolution. 

^ 397. This state of polarization once acquired by 
light, is retained by the ray in all its future course 
^provided it be not again modified by other bodies) ; 
for it matters not how great the distance between 
the substance operating the change and the sub- 
stance by which it is afterward analyzed) whether 
they be in contact, or many inphes, yards, or miles 
asunder, not the least variation can be perceived in 
the phenomena in question. 

( 898. Different substances polarize light by re- 
Aexion at different angles. 



The angle for Glass . 


. 18560 45^ 


" Water 


63<» 11' 


'* Rock crystal 


Se*' 68' 


•" Iceland spar 


68° 61' 


** Sulphur 


63° 45' 


** Diamond 


68° 1' 



J 390. Light may also be polarized by successive 
exion from the different surfaces of several 
plates of transparent substances at other angles, as, 
for instance, from a pile of five or six glass plates : 
and the portion which in this case penetrates 
through the pile, is found to be exactly equal to the 
former, and also to be polarized, but in the opposite 
iduie. 

^ 400. But the most interesting, as well as the 
most splendid, of all the phenomena of polarized 
light, are the vivid and gorgeous colours which are 
developed by the action of crystallized plates un- 
der certain conditions. If a ray of light, polarized 
in any of the ways which we have described, be 
made to traverse a thin plate of mica or sulphate of 
limei which is perfectly diaphanous and ooloudess 
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to common Uglit, and then inalyxed bf % ^ble of 
tourmaline in that position in which, withoat tho 
plate, it woald wholly disappear, the ray witt ap- 
pear, bat coloared in the most splendid mamMr with 
different tints, dependant upon the thickneaa of the 
plate : the tint will also vary with different odmrn 
of inclination of the plate; these, in fkct, Mof 
eqaiyalent to different thicknesses. There are, 
however, certain thicknesses dependant uimn tb9 
nature of the crystallized plate, beyond wmeh the 
phenomena are not produced. 

If the analyzing plate be now tuned vpQn its 
axis, the ray will exhibit at the first qaadnnt the 
complementary colour, or that colour wUch, if sn- 

Eerimposed upon the first, would produce white 
ght ; but, upon continuing the rotation, it wHl re- 
appear at the position opposite to the first with the 
onginal tint. It thus appears that the original po- 
larized ray suffers a bifurcation or Hpoianzaiimi by 
its passage through the crystallized plate, and that 
its plane of polanzation is altered. This splitting 
of the polarized ray differs from that which taJies 
place when the rays pass from a rhomb of Iceland 
spar into another with its axis at right angles to 
the first : for, in the latter case, all the rays are 
equally divided in the two pencils, and constitute 
white light, while in the former the colours of two 
halves of the spectrum are combined in the oppo- 
sitely-polarized rays. 

^ 401. These phenomena appear more striking 
when the analysis of the ray is made with Iceland 
spar, for then two images are seen together of com- 
plementary colours; and they are proved to be 
complementary by their producing white light at 
the point at which they coincide or overlap each 
other. 

^ 402. When the original polarized ray is made, 
however, to pass along the optic axis of the crystal- 
lized plate, it ex)ub\ts ikow^ qC these phenomena. 
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^ 403. Iceland spar (or calcareous spar) preset 
this phenomena in great perfection, but all oth 
crystallized bodies with one axis, of double refra 
tion, exhibit similar systems of rings. It is, ho we 
er, ver^ remarkable, that some crystals exhibit tl 
action in opposite directions. Thus, if we take 
system of rings formed by ice or zircon, and coi 
bine it with a system of the same diameter form 
by Iceland spar, the two systems will destroy o: 
another ; and hence it is concluded that the systc 
of rings produced by these crystals are positive 
opposite in character to the negative system of rin 
in calcareous spar. 

^ 404. Crystals which have two axes of dout 
refraction present double systems of rings wh* 
examined in the same way, and the changes pi 
duced in the combinations of the black and whi 
crosses with the coloured rings, when the crysi 
and the tourmaline are turned upon their axis, a 
of the most interesting description, but are t< 
complicated to find a place in the cursory glan( 
which it consists with our present design to ca 
upon this beautiful department of natural phUo 
ophy.(lOl) 

those which he near the axis, c o, traverse the plate without ( 
viation, and are therefore subject to two refractions, ordins 
and extraordinary ; but these two refractions are always acco. 
plished in the same plane, because every perpendicular secti 

gassing by the axis c o, is a principal section. Moreover, t 
iiferent rays, a o, a/ o, equally distant from the axis, sufier vc 
different modifications in their planes of polarization ; and, frc 
the interference of the rays, so oppositely polarized, present t 
succession of colours which we have described. 
(101) These figures may convey an idea of the phenome 





presented by a cryslaV ol vv\,Vie» \N\ik\x belongs to thebiuaxi 
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^ 406. These phenomena are not only presented 
by regularly crystallized bodies, but niechanieal 
pressore is capable of conferring a structure which 
will develop them. Thus the bending of a slip of 
glass will enable it to act upon polarized light at the 
part of greatest tension, in the same manner as a 
crystal of carbonate of lime. 

Plates of glass which have been heated and sud- 
denly cooled, present, when analyzed by a polarized 
ny which has been transmittjed through them, rings, 
and crosses, and coloured tints, which depend upon 
the form of the plate ; a square plate of un annealed 
glass thas examined presents at its four angles small 
circular figures separated by a large black cross. 
These small circular figures also appear at the cor- 
ners of any rectangle ; but the cross is replaced by 
coloured bands parallel to the greater sides of the 
rectangle. A round plate exhibits concentric col- 
oured rings, intersected by a large cross ; if the cir- 
cle be ground down to a square, the original dispo- 
sition of the colours will return ; or if the corners 
of the square be ground off, the circles will make 
their appearance. (102) 

■ystem, subjected to the action of polarized light, in oppotite 
potations of the analyzing plate. 
(102) These figures represent the position of the black cross 





and coloared circles in a sqaare and circular piece of unan- 
Bailed glass. 
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In all these cases, upon turning the analyzing 
plate upon its axis, the colours change to the com- 
plementary colours at the opposite quadrants, and 
the black cross to the white. 

^ 406. These effects are due to the forced state of 
compression in which the particles of the glass are 
held by the sudden cooling of the outer layer, and 
they* entirely disappear when the glass is perfectly 
annealed. The direction of the force, and the con- 
sequent arrangement of the particles, is sdteied 
every time any portion of such a mass, even the 
slightest, is removed, and thus, by grinding the dif- 
ferent figures down to others, the tension is altered 
in certain directions, and their consequent action 
upon the polarized ray is also altered. If a square 
sheet of caoutchouc be stretched at its four cor- 
ners, and one of them be then cut off, the manner 
in which it will retract itself from this point wiU 
explain, by a rough analogy, the mode in which the 
particles of unannealed glass are affected by the me- 
chanical removal of any portion of their aggregate. 

§ 407. There is one more class of these phenom- 
ena to which we must yet refer. If a ray of polar- 
ized light be passed through a plate of quartz, cut at 
right angles to its axis, upon examination it will be 
found polarized in the same manner as in crystals 
with one axis, but the place of the black cross 
will be occupied by colours which fill up the first 
ring, and encroach upon the rest. These colours 
vary with the thickness of the plate, but they suffer 
no change by turning the plate round upon its axis. 
Suppose the colour in the centre of the rings to be 
red ; let the analyzing plate be turned round from 
right to left, keeping its inclination invariable, and 
the red colour will change successively to orange, 
green, and violet, the analyzing plate acquiring, as 
it were by its rotation, the power of transmitting 
these colours in succession ; a result which is per- 
fectly explained by supposing that the rays of each 
of these colours are polarized in different planes. 



■^ 
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Upon trying different specimens of quartz, M. Bi6t, 
the •discoverer of this species of circular ^lariza- 
tion, found several in which the very same phe- 
nomena were produced by turning the analyzing 
ptBite in the opposite direction from left to right. 

^ 408. Upon examining this remarkable property 
with homogeneous light of different colours, it wiU 
be found that, when the yellow ray is transmitted, 
it becomes fainter and fainter as the plate turns 
round, till, at a certain angle of rotation, it totally 
disappears; the homogeneous red ray disappears 
at a less angle of rotation, and the homogeneous 
violet at a greater angle. 

The rotation of the plane of polarization is pro- 
portional to the thickness of the plate for all plates 
cat from the same crystal : and upon placing two 
plates one upon the other, which act in opposite di- 
rections, the effect will be the same as from a plate 
having a thickness equal to the difference between 
the two. 

^ 409. Quartz is the only solid substance which 
has yet been found to possess this property ; but 
some liquids, and even gases, are endued with it. 

The essential oil of turpentine turns the planes 
of polarization from right to left : the essential oil 
of lemons from left to right. This is the more re- 
markable, inasmuch as the chymists^ art fails to de- 
tect any difference in the ultimate composition of 
these two liquids. 

Solutions of camphor in alcohol, and of sugar in 
water, present the same series of phenomena as 
quartz, only differing in intensity. The apparatus 
with which these observations may be made con- 
eists of a metallic tube of sufficient length, closed at 
its two ends with parallel plates of glass. This 
tube is filled with the liquid to be examined, and a 
rav of polarized light is passed through its axia^ 
which IS subjected at its emergence to the actioi 
of an analyzing plate. 

G e 
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The phenomena are more simple when a ray 

homogeneous lighi is sabmitted to the experinie 
and a parlicular glass stained with ojtydo of cop| 
answers the purpose perfectly of stopping all I 
the red ray. The analyzing piate is set in the c< 
tre of a graduated circle, which, turning with it, 
dicates the polarizing angle with great accuracy 
a vernier upon its edge. Upon looking throi 
such an arrangement, no light penetrates the pL 
except at this anglei which is greater or less, 
cording lo the nature of the liquid, the depth of ' 
interposed stratum, or the quautity of the substai 

When liquids are mixed with each other, wh 
are either mactive or active in the same oroppof 
directions, the total effect is always equal to the sc 
or the diRerence of the separate actions. Ei 
when they pass into the state of vapour, theyret 
their power, as M. Bi6t ascertained by experime 
ing upon the vapour of turpentine in long tubes. 

T) 410. Here, then, we have phenomena depends 
not upon structure — that is to say, the positions > 
mutual distances of the particles with regW 
each other — but upon the nature of the ultimi 
particles themnelves. This peculiar action of m 
ter upon light may even afford the means of dete 
ing varieties in the nature of substances whi 
elude the direct means of chymical esaminatic 
uid M. Biot has shown that mixtures of the su{ 
■of the cane and of grapes may thus be recogaii 
ind estimated, wliich would utterly defy the po 
irs of chymical analysis. 

He has also applied the property vrith success, 
« test of the value of different samples of the < 
jessed Juice of beet.root in the manufactim 
■nigar, and has thus conferred even a commerc 
importance upon a discovery which, at first, appei 
ed to have as little relation as possible to Uw si 
or coaveai«Dces of life. 
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^411. Another curious application of the prop- 
erties of polacized light has been made to practical 
purposes ; and such examples furnish an admirable 
rebuke to those who affect in their ignorance to treat 
with disdain all such scientific researches as can- 
not at once, according to their narrow notions, be 
rendered useful. 

It is well known that, in dangerous navigations, a 
commander of a ship will place himself at the mast- 
head for the purpose of more clearly seeing the 
rocks and shoals at the bottom of the sea. Expe- 
rience has taught him that from this lofty position 
they are more visible than from the deck. The rea- 
son of this is apparent from the common laws of 
the reflexion and refraction of light : the greater the 
angle of reflexion, the greater the quantity of light 
which is turned aside, and the less that which pen- 
etrates. The refracted light from the bottom of 
the sea is not perceptible amid the glare of that 
which is reflected to the lower position, for the eye 
cannot appreciate an addition of less than l-60th of 
flie whole quantity which affects it: but at the 
smaller angle from the higher position, the reflected 
light is so diminished that the refracted portion 
makes its due impression. 

Now this purpose is still more effectually attained 
by viewing the objects at the bottom of the sea 
tnrough a polarizing tube ; for at the proper polar- 
izing angle, nearly the whole of the reflected light 
may be extinguished, and they become perfectly 
▼isible by their direct refracted light.(103) 

(103) The e^e, which is the organ of vision, is in man and 
many other anunals of a globular Hgare. It differs from a per- 
fect sphere in being somewhat more convex in front and flat- 
tfloed behind. The front part is transparent, and admits Ught 
into the interior ; this transparent part is called the cornea. In 
cwder that the axis of the eye may be directed to the object which 
is to be viewed, the ball is capable of motion within certain lim 
its, by means of six muscles, arranged in three antagonist pairs. 
Those of the first pair are applied above and below Uie eye, and 



give it a Tntieal molion. The two muscleB of tha ■ 
are applied do the two sides, and giie the ball a mi 
right 10 left. Thaaa four are oiled, from Iheir flgur 
Ihe Blnig-ht or direct musclei. The remaining two i 
the eye aroimd it* uis through about a fourlb part o 
■jid thus, when Ihs head la inclined, the aame poiut i 
is kei>t uppermoat. The tnoEions are perfoimed with 
eat ease, becauae, although the eye is lodged m a bony i 
interior la hned with s cushion of fat, 

Tbe eja u enclosed in a tough membrane called 
nitic Goat, of which the cornea la a part. Within thi 
0DdinsaibnDeeal)Bii the ebon ' 




than the other This lens ta called the t 
ia ahown in tWo hfurealcc. Udivides tlie eve into 
qoal portiona, which are filled with hquids. That bel 
1m» and the cornea ia called the aqueoua ; that behiiid 
the Titreoua humour. 
It will be seen that Ilgbt falling on the convex BUtft 

ca>e surface of the iitreoua humour. Hence lbs pri 
fracting effect of the eye will be owing to tbe crysta 
Bjr this an inverted image of ohjecta in front will bi 
and, when this takea place upon the inner surface oi 
vision is distinct. In order to receive this image, a d 
called the retma is spread over thia inner surface, and i 
biane is usually admitted to be the seat of vision. 1 

excluded, and in olten required to view ubjccta in a fi 
In order that it may accommodate itaelf to light of dh 

tetpoaed at i r*, between the comaa and the cryaul 
Thia diaphragm ia called the ine. and is the part wh 
the distinclive colour to the eye. The opening in i 
called the pupil, and by its contraction or enlargemen 
iMi lijtlt i* ftOnutted. To effect thia change tbe itja it 
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flf two seta of mnacles, one of which is amnged like radii, the 
other is composed of a number of concentric rings. 

It is supposed by some that this same arrangement is intended 
far adapting the eye to vision at different distances. In the 
tisioD of h^chy persons, conscious of no defect, no object, 
however di^ant, ceases to be seen, so long as its apparent size 
ii not too much diminished by distance, and objects brought 
within six or eight inches of the eye are still distinctly visible. 
If brought nearer than the latter limit they cease to be distinct, 
and, when close to the eye, produce no other effect than to lessen 
the quantity of light, or exclude the vision of more remote ob- 
jects. Objects at different distances are not, however, seen with 
equal distinctness at the same instant. In fact, we never view 
more than, one object at a time, and for this purpose the axes of 
both eyes are adapted to it simultaneously. The eye, therefore, 
has the power of adapting itself to vision at different distances. 
Many hypotheses, all more or less plausible, have been adduced 
to explain this operation, but none of them are absolutely cer- 
tain, and it would occupy too much space to discuss and com- 
pare them. 

The spherical aberration which affects artificial lenses is not 
experienced in the eye. This appears to arise partly from the 
figure of the parts, wHich are not truly spherical, and partly from 
the structure of the crystalline lens, which is maae up of a 
number of concentric coats or laminae, of which the innermost 
are the densest. The diaphragm of the iris will also serve to aid 
in obviating this defect by cutting off the extreme rays. 

The image formed on the retina is perfectly achromatic, or free 
finom coloured fringes. This is owing to the eye being made up 
of several refracting bodies, having different ratios between their 
dispersion and refractive powers, and of which two act in direct 
(^position to each other. It can be shown that such an arrange- 
ment may be so adjusted as to form an image which shall be 
fine from dispersed colours. Artists have partially succeeded 
in -effecting this in optical instruments, but m the eye this cor- 
xection of the chromatic aberration is complete and perfect. 

The eyes of men are subject to two kinds of imperfection, 
one of which is called long, the other short sightedness. The 
finmer arises from the eye not having sufficient power to brin^ 
the lays which proceed n'om near objects to a focus on the reti- 
na, the latter from its possessing so high a power that the image 
of distant objects is formed before the rays reach the retina. In 
order to remedy the former defect, we make use of convex len- 
ses. These make the rays which diverge from near objects di- 
▼erve less, and thus fall on the eye under circumstances similar 
to moee which occur when they proceed from distant objects, 
fihoitsiffhtediiess is remedied hj the use of concave lenses. 
Thaee nave th^ property of maung panUel nys divwge, and 
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^413. Light exerts a very maiked, tad foma* 
times energetic, influence upon chymical aflSmtft 
determining tiie combination of some bodies* sad 
the decomposition of others. If a piece of silk be 
dipped in a solution of chloride of gold, and kepi 
moist and exposed to the rajrs of the snn, it wm 
gradually change from yellow to green, and then to 
purple; spangles of gold will make their appear- 
ance upon it, and at the expiration of an hour it 
will be entirely covered with a film of metallic gold. 
Professor Seebeck steeped a piece of filtering pa- 
per in a moderately strong solution of ^Id, aadv 
cutting it in three pieces, he placed one in a daik 
place ; the second ne exposed to the rajrs of tiie 
sun, but placed it also in a dark place before it had 
undergone any change ; the third he- exposed fn^ 
to the sun. The first underwent no change what* 
ever, while both the second and the third had ibM 
gold equally reduced upon them. ^ 

A solution of nitrate of silver, in contact with or- 
ganic matter, undergoes similar changes by expo- 
sure to strong light. If a piece of paper be moist- 
ened with nitrate of silver, and exposed to the 
beams of the sun, a very few moments are suffi- 
cient to change the colour to almost black : an ef- 
fect which is well known from its application as an 
indelible ink for marking Imen. 

Chloride of silver retains its snow-white colour 
and lustre if carefully excluded from the light ; but, 
if exposed to the sun, the concentrated light of 
lime in the flame of the oxy-hydrogen blowpipe, 
the flame of the voltaic battery, or even to the dif- 
fused white light of the clouds, speedily turns to a 
purplish black colour. This is owing to the de- 
composition of water, and the formation of muriatic 
acid and oxyde of silver. 

thus causing those which proceed from distant objects to M 
upon the eye under circumstances similar to those which oocur 
when they come fitmi an object near at liaiil 
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That these effiscts arise from the agency of the 
ndiant forces alone, and not from the influence of 
Here exalted temperature, has been proved by en- 
closing the several substances in glass covered with 
Mack paint, and exposing them to the sun, in which 
case they became very hot, but, even after several 
daVB, no chymical effect was produced. 

4 413. Many years ago it was proposed by Mr. 
Wedgwood and Sir Humphry Davy to apply this 
chymical influence of light to the tracing of objects 
by means of their shadows, or to the copying of 
mwings by the agency of the light transmitted 
Uiroiigh them in different degrees. They succeed- 
ed in obtaining such tracings by means of paper pre- 
pured with nitrate or chloride of silver; but they 
faded in their attempts to fix them in such a way as 
to twnder them afterward unchangeable in the hght. 
Mr. Fox Talbot has lately attained this object ; and* 
1^ plaetQg prepared paper in a small camera-obscu- 
ra, he has been enabled, in a few minutes, to ob- 
Uiti most perfect, but extremely small pictures; 
midt as, without great stretch of imagination, might 
be supposed to be the work of some Lilliputian ar- 
tiois. They require, indeed, examination with a 
lean to discover all their minutiae. Engravings 
uid sculpture may thus be copied with the utmost 
UdeM^, and the process appears to be applicable to 
a tstfiety of useful purposes, such as the delinea- 
tiM el obi^t* in ^^ ^^^ microscope, &c. A pro- 
e^oi of the same nature was some years ago invent- 
ed kt f^mnce by M. Niepsce, and has just been 
hioiig i W forward by M. Da^erre of Paris, who is 
saidio kmre made some considerable improvements 
npitMi it ; but neither of these gentlemen have yet 
pdteaiied the preserving process in which the great 
meM of their application consists. This purpose, 
howwer, may be effected by washin|^ the paper 
upon 'viHhich the design has bleen imprmted with a 
iotaliOD oi hfp^mOfkiU of soda, ivYacYl ^MHi ^ itia 
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out the unchanged nitrate or chloride, without af- 
fecting the dark parts in which the change has 
iieen produced. In these heliographic drawings, as 
they have heen named, ths effects of tight and shade 
Bre well reversed ; but, by a seeond process, iu 
which the light is transmitted through the first de- 
upon a second prepared paper, this defect may 
ectifled. In M. Niepsce's process it is uader- 
muud that the lights and shades correspond with 
those in nature. 

* ■*U. The operation of bleaching linen affords 

sr familiar illustration of the chymical changes 

light is capable of producing. Kvery wasfa- 

.man is aware, from experience, that this pro- ' 

most readily succeeds in bright weather. The 

iDuiOval of colour is, probably, ultimately referable 

to the decomposition of water, and the consequeni 

disengagement of oxygen. 

^ 415. The instances in which light promotes 
combination are equally striking. 

We have already staled that, when hydrogen and 
chlorine gases are mixed together, they enter very 
slowly into combination in a feeble light ; but, when 
exposed to the direct rays of the sun, combination 
is extremely rapid, and not unfrequently attended 
with explosion. 

Chlorine and carbonic oxyde can be made to unite 
together by no other influence with which w« aze 
acquunted, and hence the product has been called 
.phosgene gat. They are introduced for this [Hupoie 
in equal volumes into ati exhausted flask, ana ex- 
posed for B quarter of an hour to bright suDshiiie. 
The colour of the chlorine gradually disappean. 
and the gases are condensed into half their united 
bulk. The new gaseous body has an intolenNr 
pungent odour, and greatly affects the eyes. It rea- 
d«ns litmus, and, by contact with water, ia resolrad 
into carbonic and muriatic acids. It coadsiuea 
four times its voVanva ot %iam<»uacal gas, wd ths 
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product is a white neutral salt, from which the 
more powerful acids disengage carbonic and muri- 
atic acids. 

^ 416. All the rays of the solar spectrum are not 
equally endued with this influence upon chymical 
affinity ; for, when they fall upon paper impregnated 
with chloride of silver, the chloride becomes black- 
ened much sooner in the Violet than in the other 
coloured rays. The power seems to extend even 
beyond the limits of the violet light itself, as if it 
belonged to certain highly refrangible dark rays 
analogous to the little refrangible dark rays of heat 
at the opposite extremity of the spectrum. These 
chymical rays may be separated by absorption tm 
well as by refraction : for if a neutral solution of 
chloride of platinum be mixed with lime-water, and 
a portion placed in two clear glass tubes, one of 
which is immersed in a blue solution of ammonia* 
sulphate of copper, and the other in a red solution 
of cochineal, oxyde of platinum and lime wiU be 
pecipitated from the former, while the latter will 
be protected from all change. 

^417. The most intense light from the combus- 
tion of the hydro-carbons produces no change upon 
chloride of silver, nor yet on a gaseous mixture of 
hydrogen and chlorine ; but the light from the vol- 
taic battery, and that from lime heated in the oxy- 
hydrogen blowpipe, when concentrated by a glass 
lens, speedily blackens the chloride. 

^ 418. The processes of vegetation are also great- 
ly under the influence of the same subtle agency. 
The artificial exclusion of light from plants gives 
rise to the effect upon them which is called etiola' 
tion or blanching. Under such circumstances they 
alwa3rs extend their branches and shoots towards 
any opening at which light is partially admitted ; 
ana if this be closed, and another opened in a dif- 
ferent situation, they change their direction, and 
•till turn towards the luminous influence. If kept 
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in perfect darkness they become feeble, Bnccnlent, 
insipid, anti of a. white or yellowish colour; but if 
in this state they be transferred to a silustiou where 
they may enjoy the action of the solar rays, they 
regain their green colour and become vigorous. 
According to the observations of Sennebier, the 
green colour of the leaves of plants is more readily 
developed under the influence of violet light than 
under that of any other colour, 

^ 410. We will close this summary view of the 
relations of light to matter with a few observations 
upon the different degrees with which it seems to 
be absorbed and retained by some bodies. There 
are substances which appear to be capable of emit- 
ting light at a very moderate accession of tempera- 
ture, without undergoing any sensible chymical 
change. The diamond, for instance, f)uor spar, and 
various other bodies, possess this property in vari- 
ona degrees. It is called;iAQi;iAi>reicence,butia very 
different from the luminous property possessed by 
phosphorus, which, as we have seen, is due to a 
slow combustion at a iow temperature. These bod- 
ies lose the property of emitting iight when ihey 
have frequently been made to undergo the process; 
but may have it restored by passing through thecn 
strong electric discharges, which, in some cases, 
will confer the property upon substances which did 
not previously possess it. Some species of fluor 
spar (cMorophane) become so light in boiling water 
as to enable a person to distinguish the letters of a 
book. 

4 430. Another class of bodies first sbsort) ligtit 
from an extraneous source, and give it out again 
upon being taken into a dark place ; these are Bom^ 
times distinguished as tolar photphori. The moM 
powerful of these is an artificial compound first 
made by Canton. It may be formed by mizin|f 
tluee pu^B of calcined oyster-ahella in powder with 
one of flowBiB otaulphiur, and ignUiiig " 
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strongly for half an hour in a cracible. On picking 
OQt the lighter^oloured parts, and exposing them 
to the sunbeams, to common daylight, or to the 
light of an electric explosion, they will acquire the 
faculty of shining in the dark, so as to illuminate 
the dial of a watch and make its figures visible. 
After a time it will cease to shine ; but, if kept in a 
weU-stopped vial, a fresh exposure to the sun will 
at any time restore the luminous property. 

^ 4S1. Some species of animsd and vegetable 
matter, in a state of decay, have the property of 
emitting light, particularly some marine fish and 
Crustacea, such as lobsters. The quantity of light 
given oflf by such substances is by no means pro- 
portioned to their degree of putrefaction ; but, on 
the contrary, the greater the putrescence, the less 
light they generiadly emit. 

( 482. The power which certain living animals 
possess of emitting light at their pleasure properly 
nils within the province of the science of Phtsiol- 
OGT for examination and explanation. We have the 
less reluctance, indeed, to pass over, with a brief al- 
lusion, the interesting phenomena which the glow- 
worm and the firefly presentt inasmuch as they at 
present remain among the most inexplicable of the 
products of LIFE. The superficial waters of the 
ocean sometimes glow with living fire, emitted from 
countless millions of minute marine animals, who 
have the privilege of kindling it and extinguishing it 
at will ; while in the eternal darkness of the great 
deep, to which the rays of the solar orb can never 
penetrate (^ 369), the larger animals are lighted to 
Mfil the purposes of their being, by a process which 
appears at present to be among the most inscrutable 
wonders of the creation. Our knowledge of Ani- 
mal Ckjpnistry scarcely enables us to form a guess 
reapecting the nature of that light which is thus pro- 
Vidied for the submarine hosts of beings. (104) 

(UM) The piopecties of light, with the modificatioDt which 
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th« extreme pencils aie caused to fall on the eye lens. This is 
called the field lens. 

With a given eye lens, the mag:nifYing power of the compound 
microscope is increased by diminishing toe focal distance of the 
object lens. As this involves a diminution in its size, the quan- 
tity of light is lessened and the object becomes faint. An equal 
power, with higher illumination, is produced by uniting two 
leiieee in a piece, to act instead of the single object lens. 

The piece which contains the eye and field lens is capable of 
being replaced by another combination of two lenses, and thus 
eleo a ^freater degree of illumination may be ensured. These 
end venous other improvements have been made upon the com- 
poand microscope within a few years, in the hands of Goring 
end Chevalier. 

The Telescope is an instrument by which distant objects may 
be seen under an increased angle, and, therefore, as if they were 
near us. Telescopes may be formed either wholly of lenses or 
partly of mirrors. The former are called refracting, or dioptric ; 
the latter reflecting, or catoptric telescopes. 

The original form of telescope was composed of two double 
coQTez lenses. The object lens forms an image of objects in 

o 




front of it at its focus. This image is viewed by the eye lent 
magnified, and under circumstances suited to distinct vision. 
As the object thus seen will appear inverted, its use was in a 
great degree confined to the heavenly bodies, in which this in- 
version is of no consequence. It was therefore called the astro- 
nomic telescope. 

The Gallilean telescope has a double concave eye lens. This 
is placed so as to receive the rays which have passed through 
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the object lens before they come to a 
image. The effect is thereroref as if an erect imaffe existed in 
the virtual focus of the eve lens. This form is stiU used in the 
g ommn n opcra-glass. Tne lenses of telescopes, like all others, 
are lUUe both to the spherical and the chromatic aberration. 
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The former is easily remedied by interposing a diaphragm or 
pierced partition between the two lenses, by which the eXf 
treme rays are cut off. 

The chromatic aberration is remedied in the object glass by 
mailing it of two different kinds of glass. For this purpose a 
double convex lens is sometimes fwrned of crown g^us, whose 
surfaces have radii in the proportion of 7 : 5. To the least con- 
vex surfJBice of this a double concave lens of flint glass is applied, 
whose surfaces have equal curvatures, and the radii of which 
are the same as the greater radius of the convex lens. The 
two united, therefore, have the form of a menisciM, and will 
form an inverted image of the object ; but this image is free fhm 
coloured fringes, in consequence of the difference in the relap 
tions of the refractive and dispersive powers of the two kinds of 
glass. 

The younger Herschel has, however, proposed a dif- 
ferent combination, which is representea in the figure. 
In this A B is a double convex lens of crovm glass. C 
D a concavo-convex lens of flint glass. The radius of 
the two surfaces of the crown glass bears to that of the 
outer surface of the flint glass the relation of 6.72 to 
14.2, and the focal distance of the combination is 10. 

The chromatic aberration is corrected in the eye-piece by the 
use of two lenses instead of one. The achromatic eye-piece 
which is usually employed is represented in the figure. A ray 
of light falling on the first lens at the point A is dispersed in the 
directions A rw, A n. These are, by the second lens, rendered 
parallel, and thus the united colours produce the impression of 
white light. 





The achromatic eye-piece of Ramsden is composed of two 
plano-convex lenses, whose curved surfaces are turned towards 
each other. 

The modem astronomic tel- 
escope is therefore composed 
of a double object lens made of 
crown and flint glass, and a 
compound eye-piece. In order 
to render it capable of viewing 
terrestrial objects erect, 4wo 
other lenses are inteiposed. 
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It may in this case be considered as made up of two tele- 




Kopee, by the first of which an inverted imsge is formed, and by 
the second of which the erect position is restored. 

This is completed by sabstituting for the eye lens, O H, an 
■ehromatic eve-piece of either of Uie forms which have been 
described. Uhe improved achromatic terrestrial telescope is 
tliBrefbre now composed of five lenses. The achromatic object 




lens is adapted to a large tube. To this the smaller tube, rep- 
resented in the figure, which contains the remaining four lenses, 
is adapted. The lens B sends on the rays, which have crossed 
aher torming an image in the focus of the object lens, in parallel 
directions. These are caused to form an image in the rocus of 
the lens D, which will be erect ; and this image is viewed al- 
most free from colours by the eye-piece compoMd of the lenses 
AC. 

The size of the achromatic refracting telescope was long lim- 
ited b}r the difficulty of obtaining pieces of flint glass of suffi- 
cient size. In the nands of its inventor its length was there- 
fi>re limited to ten feet, and of this length no more than a single 
good one was constructed. A few have been made eight feet in 
bngthj but the greater part of the English instruments do not 
ezf^ed five feet. Of late years the Swiss and German artists 
have succeeded in making flint glass of much greater size, and 
thus in increasing the length of the achromatic telescope. The 
most celebrated mstrument in which this has been employed is 
that constructed by Frauenhofifer for the Observatory at Dorpat 
in Russia, which has a length of twenty-eight feet. 

In the reflecting telescope of Newton, a concave mirror is 
placed at the end of a tube most distant from the object By 
this an image would be formed in the position n' mf. Before the 
lays meet to form this image, they are interecpted by a plane re- 
flecting sorfrice placed at an angle of 45^ to the axis of the 
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^ 423. We have referred (^ 000) to the theoiy 
which holds that light is conveyed by means of un- 
dulations, excited in a medium which occupies all 
space. It is not our intention to enter into the con- 
sideration of the truth or falsehood of that theory, 
as such discussion would be foreign to our object. 
We recur to it at present in order to state that this 
theory derives its strongest evidences from the 
weU-known phenomena of the propagation of sound. 
.4 The mathematical investigations of the undulatory 
^ theory of light are therefore in close connexion 
with the subject of acoustics, with which we shall 
dose our views of the physical sciences. 

ACOUSTICS. 

^ 434. We have, in a preceding section, stated 
some few of the facts in relation to the cause and 
the manner of the propagation of sound. The ori- 
gin of sound in the oscillations of elastic bodies may 
be illustrated by means of a steel plate screwed 
into a vice. When thus held, it will vibrate if 
struck. If it be of considerable length, the vibra- 
tions will be so slow that they may be counted ; and 
when the efficient length of the plate is altered by 
drawing it through the vice, it will be found expeh- 
mentally, as may be also demonstrated mathemati- 
cally, that there is a fixed relation between the 
length of the part of the plate which projects from 
the vice and the number of vibrations it performs. 
This relation is the same as that between the 
lengths and the numbers of the oscillations of pen- 
dulums. So long as the vibrations of the plate are 
so slow that they may be easily counted there is no 
audible sound. The power of counting them ceases 

iriewed by an eye>piece. The light in which the original Newto. 
nian instrument, is lost at the second reflection, is here saved. 
Chie of the instruments constructed on the last plan had forty 
feet focal' distance. The best made by Herscnei is twenty 
m^ itet, and is equal in its powers to the telesci^ of Oorpat 
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(^ 000) when they become more frequent thftn eight 
or ten in a second ; but the law which hat been re- 
ferred to will enable us to calculate their numben 
when the lengths of the plates are known. The 
inference which has been stated (^ 000) is thus 
made, that at least sixteen vibrations of the sound- 
ing body per second are necessary for an audible 
sound, while, if they exceed twelve thousand per 
second, the sound becomes inaudible at the other 
extreme of the scale. Within these limits^ thea, 
are included all the sounds audible by human ears. 
Nor does it appear that any one ear is capable of 
hearing every sound even within these limits. By 
experiments made by Wollaston, it appeared that 
the ear of every person on whom it was made had 
an imperfection which rendered some sound or 
other inaudible. 

It does not appear that the limits are exactly the 
same in different individuals of the human race; 
and other animals have different limits to their au- 
ditory scale from those of man. Thus the lion and 
elephant were found to receive the impression of 
sound from oscillaiions too infrequent to affect the 
human ear, while small animals did not hear the 
sounds of the lower part of the human scale, and 
appeared to be affected by oscillations more rapid 
than any of those which convey the sensation to 
the human ear. 

That the vibrations of sounding bodies are capa- 
ble of raising waves in liquids, may be shown by 
the familiar experiment of producing sound in a 
drinking glass by rubbing the finger over its rim. 
Series of waves will then be distinctly seen at the 
surface of the liquid contained in the glass. From 
facts of this description Newton inferred that the 
propagation of sound in air resembled that of 
waves in a liquid. In the latter case no progressive 
motion is produced, but the waves are formed by 
an osciUatiou up a.ud do^iv^tei&i^\!abllug the motioA 
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of a liquid in a bent tube. The progress of the 
wave« may be illustrated by reference to what takes 

eaco in a field of grain, over which waves formed 
r the wind may be often seen to pass, while each 
stalk remains firmly rooted to its place. 

Taking up this view of the subject, Newton infer- 
red that sounds ought to be conveyed in air at the 
rate of about 900 feet per second, while the actual 
velocity, ascertained by careful experiment, is more 
than 1100 feet. 

The cause of discrepancy has been detected by 
Bidt and La Place, who have shown that the com* 
pression of the air which forms the wave changes 
its capacity for specific heat, and thus renders it / 
more elastic by an increase of its temperature. / 
When this circumstance is taken into account, the ^^, 
theoretic velocity of sound in air is raised from > 
900 to 1100 feet per second, which agrees almost >' 
exactly with experiment. 

!i 425. Sound is conveyed by liquids with a greater 
ocity than in air ; thus it passes through water at 
the rate of 4750 feet per second. In solids the velo- 
city is still greater, being in cast iron ten times as 
great as in air. 

^ 426. The pulses in the air which convey sound 
are capable of being reflected when they meet with 
obstacles in their course. These reflected waves 
will produce separate audible sounds, when they fol- 
low the original sound at a sufficient interval of time. 
If several reflected waves cross each other at the 
same point within a similar interval, they may pro- 
duce a sound louder than the original one. This in- 
terval, from the constitution of the human ear, is 
the eighth part of a second, and is therefore equiva- 
lent to the passage through a space of about 180 
feet. 

If, then, there be a vertical obstacle in front of 
the person who utters a sound, at a distance of about 
70 feet, he will hear a distinct repetition of a siagle 
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short intervals, will return an echo. Among these 
a spherical vault may be mentioned, in which, if two 
persons be placed in one of its diameters, and at 
equal distances from the surface of the vault, the 
repetition of a whisper uttered by the one will ap- 
pear as a loud sound to the other. Apartments 
which have this property are called whispering gaJr 
leries. 

The most remarkable instances of the sort are : 

The gallery beneath the dome of St. Paul's Ca- 
thedral in London ; 

The Gothic vault of the Cathedral of Gloucester; 

A church at Girgenti, in Sicily, where the sound 
of whispers near the door is distinctly heard at a 
point near the extreme end of the church, distant 
200 feet ; 

The Grotto di Favella, at Syracuse, supposed to 
be the Ear of Dionysius. 

^ 427. Such properties are to be avoided in the 
structure of buildings and halls in which the human 
voice is to be exerted or music performed. The 
human voice, if not strained, is not distinctly audi- 
ble in free and open space at an average distance of 
more than 70 feet. But, by the aid of reflecting sur* 
faces, properly placed, it may be made to fill a great- 
er space. Nor is it equally audible in all directions ; 
the distance to which it is carried is greatest direct- 
IjT front of the person who speaks, and least behind 
him, so that his voice may fill a circle of about 135 
feet diameter, in which he is placed 90 feet from the 
point in front of him, and 45 feet from^hat behind 
him. 

For deliberative assemblies, conducted according 
to English and American parliamentary forms, the 
best figure is probably a parallelogram, and the best 
arrangement of seats would be parallel to the two 
longer walls, and rising above each other in steps. 
The roof and walls should be broken by architec- 
tural ornaments, in order to prevent any distinct re- 
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irmrbermtioni. The gretteat dimeiuioh «teakl not 
exceed 00 feet. To make Ibe foof of tiie rin|» of 
a dome or regular c^^inder ia the worat poaaifale 
method. 

ReilectiD^ amrfaeea near to the apeaker aid tta 
▼oice by Joming to the original aoiind wafeawhU 
foUow it at ao email an interral aa to audceoadiit* 
ference in the aenaation they prodoce on Ibaeaa.^ 
A diatance of 10 or 19 feet d^[Mrifea them, of .^ 
advahtage, and at 16 or 90 the refleeted aooni H^ 
gina to cause confusion, which will be arit* aigm* 
imom when the distance of the obatade ia inVte 
great aa that neceaaary for a dietant echo. If tht 
surface, placed immediately behind the apaehar> be 
one which is itself capable of Tibimtinf and ^niittii 
a sound, the advantage he will derive *from it k tte 
greatest possible^ Sach an aid to the voice is eafled 
a sounding-board. We also find it formin|t an ea- 
aential part of many musical instmmenta; in sodie 
of which the sound would be feeble in the extreme 
were it not adapted to them. 

A good form for a room of moderate size, aay 
whose length does not exceed 70 feet, may be con- 
structed by making three of its sides stnight and 
rectangular, like the sides of a parallelogram, and 
making the fourth side a concave curve. In tins 
case the speaker should be placed in the middle of 
the curved side, and near the wall. If Uie greatest 
length of either of the walls exceed 70 feet, a curved 
recess may be formed in the middle of one of the 
longer walU, and the speaker placed in it at a abort 
distance from the wall. In cases where this would 
be inconvenient, his proper place is in the middle 
of one of the side walls. 

Of all the structures which have been erected 
for public speaking, the theatres of the Greeks were 
the best. The part occupied by the audience had 
usually the shape of a semicircle. The greater part 
of this was occupied by concentric aemiciicnlar 
Beats, rising above eajcXi ^^mx ^y^^^^ VashAa^ 
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theatre. The defect of this form for one of oar de* 
liberative assemblies would be enhanced by coTer- 
ing it with a vaulted roof; and, from a combination 
of the two causes, the Chamber of the House of 
Representatives at Washington is probably the 
worst apartment that has ever been constructed for 
the purpose for which it used. 

^ 428. The intensity of a sound that is transmit- 
ted by the air depends upon several circumstances : 

1. Upon the size of the sounding body; for all 
other circumstances being the same, the greater the 
surface, the greater will be the degree of agitation 
produced in the air. 

2. Upon the intensity with which the vibrations 
of the sounding body are performed ; for, the great- 
er the space through which the vibration extends, 
the greater will be the compression of the air, and 
the more dense the waves that convey the somid. 

3. The number of the vibrations has also an ef-^ 
feet; and as sounds approach the limits at whidi 
their oscillations cease to affect the human ear, they 
become less audible. In this respect it appears 
that other animate beings have a different scsde of 
sounds from man. Large animals appear to de- 
rive sensations of sound from vibrations so slow as 
not to affect the human ear. while animals smaller 
than man do not perceive those sounds that affect 
the human ear, and are caused by the least frequent 
vibrations, while, on the contrary, they perceive 
sounds produced by bodies vibrating so rapidly as 
not to affect the auditory nerves of the human race. 

4. Upon the distance ; sound being conveyed in 
waves forming a series of spherical shells, it will 
be obvious that their density and the consequent in- 
tensity of the sound must vary in the inverse ratio 
of the squares of the distance. 

5. Upon the density of the air, by an increase in 
which the intensity of sound is increased. And 
in the open air, which diminishes in density at in- 
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emniif illitodes, a sound uttered at a lower lerel 
will be better heard than one that reachea the ear 
k a horiioolal direction. 

6. Upon the direction in which the impulse is 
IfBt siven ; as words spoken through a tuhe^ or the 
•onnd of a piece of artillery when fired, are best 
heard in the direction of their respective axes. 

In liquids and solids, the intensity of the sound 
that is conveyed is increased as well as its veloci* 
ty ; that this should be the case is evident when we 
eonsider that the increase in the resistance they of- 
hr to compression produces an effect of similar 
character to that produced by condensing air. 

^ 499. The distance at which sounds cease to be 
perceptible to the ear depends principally upon their 
original intensity, although the direction they are 
first compelled to take wiU have a certain influence. 
The aoond of battering cannon used at the sei^e of 
Genoa in 1801 was heard at a distance of ninety 
miles ; and it is on record that those used at the 
teige of Ostend in 16 — were heard in London. In 
this latter instance the sound was probably convey- 
ed in part by water. Field-pieces were heard at the 
battle of Jena at the distance of seventy-five miles. 
^ 430. The variety of sounds that are audible to 
the human ear arises from three several circum- 
ttaoees. 

I. From the greater or less frequency of the vi- 
brations of the sounding bodv. On this doponds the 
misical quality of the sounds, which are hence dis- 
tingBiahM as grave and acute, flat and sharp. 

9. Upon the velocity with which the vibrating 
particles move, growing out of the greater or less 
ipsee through which they vibrate ; as pendulums of 
equal lengths, and vibrating in equal times, may de- 
scribe mreater or less arcs. 

3. Upon the greater or less simplicity of the vi* 
bratioiis. Few or no bodies, when sounoing, vibrate 
ia such maoiier as to produce no more than one 
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sound. But one of the sounds they emit may arise 
from vibrations of greater intensity than the rest, 
and it will be, in consequence, louder than they are. 
The others may also have a musical relation to the 
predominant sound, in which case the effect will be 
agreeable. On the other hand, a body may emit 
several sounds of nearly equal intensity, and they 
may be of a relation incompatible with harmony, in 
which case the effect upon the ear is disagreeable. 

^ 431. In respect to the musical quality of sounds, 
it IS well known from experience, that, unless the 
vibrations of two or more bodies, or portions of the 
same body, coincide, either exactly or at short in- 
tervals, the effect they produce upon the ear is dis- 
agreeable ; while, if they coincide at short and regu- 
lar intervals, the contrary is the case. 

If two sets of vibrations be performed in times ex- 
actly equal, the effect, when they are emitted to- 
gether, is the most agreeable of all, and they are 
said to be in unison. If the vibrations of two differ- 
ent bodies have the relation of two to one, each 
vibration of one coinciding exactly with every sec- 
ond vibration of the other, the effect of sounding 
them together is next in the order of agreeable 
sensation, and the one is said to be the octave of the 
other. The proportion between the numbers of the 
vibrations that cause different sounds is called their 
relation, or an interval. 

The other relations that are agreeable are those 
of 4, 6, 8, and all other multiples of 2 to 1 ; of 3 and 
5, and their successible multiples to one ; while the 
relation of 7 and its multiples is disagreeable, and 
cannot be employed in music. The relations also 
of the same numbers to the geometric progression, 

1 : 2 : 4 : 8 : 16, &c.(105) 

are agreeable, and adapted to a musical scale. 

(105) Thus the interval 3-1, 5-1 may become 3-2, 5-4, without 
injuring their utiiitj *, and vie o>Q\;a!vxi \.Vv& xelajtion 

\\ \> \^ V 
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The fundamental relations then are, omitting 4-1 
as the octave of 2-1, 

1 2 3 ' £ 6 

T> T> T» T» y 

Musicians, however, have included all these in- 
tervals between the relations of 1-1 and 2-1, or 
within a single octave. This is effected by taking 
advantage of the circumstance that the sounds are 
still agreeable when the relation is that of either of 
the above numerators to the series. 

It is not, however, as will be presently shown, ne- 

The interval of 5-4 is called the third, and that of 3*2 the fifth 
of the fundamental sound 1-1. A note with its third and fifth is 
called a perfect accord ; for they produce an agreeable effect, 
not only when sounded in succession, but when sounded to- 
gether. 

Other notes, however, are necessary in music, which, if not 
suited to be sounded at the same time with the four that have 
been noted, will yet produce an agreeable succession of sounds. 
These are four in number, and may be obtained, 

1. By adding two notes that form a perfect accord to the 
fifth, thus: 

The latter, however, does not fiEdl within the intervals 1-1 and 
S*l, and is therefore made 9-8. 

8. By adding two notes, that form with the octave a perfect 
accord, of which the latter is last in order, thus : 

I.6«3>.4*5.S 

Airanging the several notes in the order of the magnitude of 
thsir intervals, we obtain, 

1 • ff 4 s 5 1 5 a 

T» 7> 4» "S* T* ¥» T > T* 
1st, 2d, 3d, 4th, Sth, 6th, 7th, 8th. 

These are also distinguished by letters and names as well as 
by numbers, as follows : 

C, D, E, F, G, A, B, C. 
fUf re, nUf fcit solf 2a, rt, vt. 

This series of sounds is called the diatonic scale. It is also 
called the scale of the major mode, to distinguish it from an* 
dber firanded on a perfect accord, whose intervals are 

h h f 
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cessarv to introduce a series of seTon notes that 
have this minor accord for their base. 

^ 433. On examining the intervals of the above 
scale it will be seen that their relations, taken by 
pairs, are of three different kinds, which may be ex- 
pressed by 

9 : 8, 10 : 9, and 16 : 15. 

These ratios are called tones. The first, whidi 
has the greatest magnitude, is called a major tone, T. 
The second, a minor tone, t, the third, a hemitone; 
H. In the scale of the major tone they succeed 
each other in the following order : 

T, /, H, T, t, T, H. 

If a scale were formed upon the minor accord, 
they would succeed each other as follows : 

T, H, T, t, H, T, t; 

which is obviously the same as if the former se- 
ries were commenced at its sixth interval, and Uie 
first five repeated. 

^ 432. The eight notes of the diatonic scale are 
called an octave ; and it is obvious that sounds bear- 
ing similar relations to each other may be extend- 
ed throughout the whole range of vibrations that 
are audible to the human ear, each eighth note 
forming the basis of a new octave. Nearly all in- 
struments of music have a compass of at least two 
octaves, and hence include, besides two scales of 
the major mode, one whose intervals follow in the 
order of the minor mode and a portion of two others. 
Hence they are capable of performing music both 
in the major and minor modes, without any especial 
and separate provision for the latter. 

^ 433. These seven intervals, then, are all that 
can be admitted in music ; but as the compass of the 
human voice is small when compared with that of 
audible sounds, so also is the compass of some mu- 
sical instruments ; hence it frequently becomes ne- 
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cessary to choose, some other note than C for the 
fundamental or key-note ; but this is impracticable 
so long as no more than seven sounds and their re- 
spective octaves are admitted. To render it possi- 
ble to take any one of the notes as a key-note, an 
artifice is made use of. The major and minor 
tones have intermediate intervals introduced be- 
tween them, and, as they are five in number, these 
intervals are of that number also. They are called 
half notes. They derive their denominations from 
the note next above or next below them, according 
to the sound that is taken as the key-note ; in the 
former case they are said to be sharp, in the latter 
;flat. Their denominations are as follows, in the two 
several cases. 

C#> D#> P^ G#> A# 

D^ E*^ o'' a'' b''* 

If these half notes be taken in such manner as 
to make their respective intervals exact, when any 
one of the notes other than C is taken as the key- 
note, they will not be exact when another is taken ; 
hence the method is not perfect. A remedy is, 
however, found in the imperfection of the human 
ear, which does not distinguish with certainty be- 
tween two sounds, the number of the vibrations 
causing which is nearly equal ; and, therefore, the 
imperfection is so distributed among the half notes, 
that, although neither the major nor minor mode 
of any note has its intervals exact, none of them is 
80 far from the truth as they would be if the inter- 
vals of any other were of the proper magnitude. 
This method is called temperament, and it varies 
according to the ear of the tuner or maker of mu- 
sical instruments. When, however, the human 
voice is used without the accompaniment of an 
instrument, or an instrument whose sounds can be 

Ii2 
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varied at the pleasure of the performer is played 
singly, the half notes may be made exact. 

\ 435. We have thus filled up the circle of the 
subjects usually included under the head of Natmral 
Philosophy. Beginning wiih the powerful attrac- 
tion which is exerted at immeasurable distances be- 
tween the great masses of matter, we have follow- 
ed the same description of force, if not the same 
in reality, into cases where the particles of 8epa^ 
ate bodies, and those of the same body, are caiued 
to cohere by its action. In the latter instance ws 
have found it opposed, and finally counteracted alto* 
gether, by the repulsive force of heat Heat hu 
then been considered in sensible form, and in the 
latent state in which it influences and determines 
the mechanical form of bodies, and has been detect- 
ed in its propagation by radiation throughout space. 
With this agent we have found electricity in its two 
modifications most intimately connected ; and have 
found in this last-named agent the power of inducing 
magnetic action. The mode of action of Magnet- 
ism has then been discussed, with its connexions 
and relations to Electricity and Heat. In the course 
of our inquiries we have found heat in many cases 
inseparably united to light, and electricity to be 
a most powerful agent in causing artificial light. 
We have, in consequence, been led to consider the 
properties of Light and the phenomena of Vision. 
Among the theories which have been laid down to 
account for the propagation of light, we have found 
one which assumes that it is conveyed by waves 
raised in a material substance, and have seen that the 
motion and laws which are followed by such waves 
are the same as those which govern the transmis- 
sion of sound. Our circle of physical subjects has 
therefore been closed by a brief exposition of the 
more important facts in Acoustics. We have thus 
filled up our plan, and hope that this view of the 
coiinexion of the physical sciences will not only 
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convey a more foD examination of the forces h tiioh 
act upon material substances than can Iv foinui iti 
•ny eqaal space, bat that it may be useful \i\ pre- 
paring the mind of students for a more luboruuisi 
inquiry into the physical sciences in gtMieral. and 
those of Mechanics and Chymistry in nsiniruliir. 
which the restricted nature of our plan has oxchi 
ded from this work. The importanre of iho Nub 
Jecta which we have discussed eannot bo bi'llcr 
sunmed up than in the words of the youn^tor lli<i 
jchel: 

** It can hardly be pressed forcibly enou(*li ww ilio 
attention of the student of nature^ thai ihf<ie la 
scarcely any natural phenomenon whuli run bo 
folly and completely explained in all iih riicinti 
stances without a union of several, poi liapn ol nil. 
the sciences; and it cannot be doubtotl timt, wUni 
ewer walk of science he may dctorninut lo iiiiiaiii>. 
impossible as it is for a finite capacilx to oxpiiuo all 
with any chance of success, \w will liiiil it illiniii 
nated in proportion to the light whirli ho lei ouabliMt 
to throw upon it from surrounding i'f>({ioiiB llui, 
independently of this advantago, tho uliuiiiao wUuu 
may thus be obtained of tho huiinony ol t'ludiiitiii 
of the unity of its plan; of the ihoory ol llio iiiaio 
rial universe, is one of the inoMt rkulioil iiti|oi u oi 
contemplation which can be probtinioil in iiiu luiid 
ties of a rational being. In tiuoli u gcjiiuidl bimov 
he perceives that science in u wludo, wIioao ouiiit.u 
is lost in affinity, and which notlinig tun ilio imiioi 
faction of our nature obliges us to divhlo. I |o lotiU 
his nothingness in his atienipiH to giHbp il, aiiil tu^ 
bows with humility and adoraiion botiuo iliat hi> 
PRiMB Intellioemck wlio aioiiM ran t'oiii|iio|ii;iiil ii , 
and who ' in the beginning saw vvttt ythug ihal Uo 
had made, and behoM it was \tiry good.' '* 
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A. 

Absorption, from absorheOf to suck up ; the power or act of 
imbibinff a fluid. 

AcBTic Acid, from acetum, yinegar ; the acidifying principle 
of common rinegar. 

AmcuLAB, fxoffl aeust a needle ; having sharp points like nee- 
dles 

AcoueTics, from iucowi^ to hear ; the science which relates to 
sounds. 

AonoN, from &yo, to move ; the effort by which one body 
produces, or endeavours to produce, motion in another. 

AiHiKSiON, -iTK, from ad^ to, and hareo, to stick ; the teQ- 
deney wliich dissimilar bodies have to adhere or stick 
together. 

Abbation, from a^py the air ; the saturation of a liquid with 
air. 

Abbiform, from aer, the air, and forma^ a form ; having the 
form of air. 

Abbostation, from d^p, the air, and IcTJifii, to weigh ; pri- 
marily it denotes the science of weights suspended in 
the air, but in the modern application of the term it 
signifies the art of navigating the air. 

AFriMTT, from ad^ to, and finiSf a boundary ; relationship ; 
the force which causes dissimilar particles of matter to 
combine together so as to form new matter. 

Albombn, -iNons, from albumen, the white of an egg ; an im- 
portant animal principle. Tlie white of an egg is al- 
bumen mixed with water. 

Aloohoi*, from a word of Arabic origin ; the intoxicating in- 
gredient of spirituous liquors. 

Alkali, a soluble body, with a hot, caustic taste, which pos- 
sesses the power of destroying acidity ; the term is de- 
rived from kalif the Arabic name of a plant, from the 
ashes of which one species is obtained, and the article oL 
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Alumina, the base of alum ; pure clay. 

Amalgam, from Slim^ together, and yania to many ; a cby 

ical teun, signifying the union of any metal with m 

cury, which is a solvent of various metals. 
Amorphous, from a, not, and fwp^^ a form ; not possessi 

regular form. 
Analogy, -ical, and -ous, from dva, thoroughly, and X6} 

a relation or proportion; a likeness or resemblai 

between things with regard to their circumstanced 

effects. 
Analysis, from dv^, thoroughly, and Avo), to loosen; 

separation of a whole into parts. 
Angle, from angvlus, a comer ; the inclination of two strai 

lines to each other, which meet together, but are no 

the same straight line. 
Anhydrous, from ct, not, and (idup, water; containing no - 

ter. 
Anion, from avh^ up, and elui, to go ; that which goes i 

a substance which in electrolysis passes to the Anc 
Anode, from ava^ up, and 6dbg^ a way ; the way which 

sun rises ; the surface at which the electricity pas 

into a body, supposing the currents to move in the 

parent direction of the sun. 
Anomaly, -lous, from a, not, and vofiocy a law ; an irregu 

ity or deviation from a law. 
Antagonism, from dvrtj against, and aycjvt^ofiaif to coute: 

opposition of action. 
Antagonist, one who contends against another. 
Antiseptic, from ovrt, against, and a^iru, to make rotti 

possessing the power of preventing putrefaction. 
Approximate, -ively, from ad, to, and proximus, neare 

having affinity with ; bordering upon. 
Aqua Regia, i. e.. Regal Water, a mixture of nitric \ 

muriatic acids ; so called from its property of dissolv 

gold, held by the alehymists to be the king of the n 

als. 
Aqueo, from aqua^ water ; when prefixed to a word, deno 

that water enters into the composition of the substai 

which it signifies. 
Arc, from arcus, a bow ; a part of a curved line, as of a < 

cle, ellipse, &c. 
Armaturb, from armo, to ami \ a piece of soft iron appi 
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lDaioMirtaM^€reaHDec3Qg;aepoIes of a 
mgDet. 
^AftncNBBDLX^froBaffrsrtgf. balanced; a docble magnede 

needle, doc alliBcmi br iat eenr^'t =uz::«d>m. 
^QloaoMT, frooi Serpav, a Rar. acd i^'f^^cf. a law or rale ; 
the science which treais o( izjt yEArezlj bodic«f their 
motkmi, perioda, SlCj azad ihe casses oa which they 
depend. 
AimxANOus, from a, imA, asd dipuoc, beat ; that tfaroogh 

which beat wiQ not pass is sud to be aihennanoas. 
AfioiPflKmB, -ic, from dnio^ . Tapoor. axMl coaZpa, a spboe ; 
the ^>here of air which sozroacds the globe. 

Avon, -ic, from a, not, and riftvt^ to cnt ; a miniite particle 
not sasceptiUe of farther diriskm. 

ArrBACTtoir, -itb. from md. to. and trako, to draw ; the ten- 
dency which bodies bare to af^roach each other. 

AvBTBAL, from wuMteTj the south ; soathem. 

AzOy in geometiy, the straight line in a plane figure, about 
whicb it reroives to prodoce ot generate a solid : more 
generally the right line conceiy^ to be drawn from the 
▼ertex of a figure to the middle of the base. 

Abotb, from 6, not, and (juiri, life ; another name for nitrogen 
(which see). It is so called because it will not sop- 
pcHTt respiration. 

B. 

Bauvm, from PapivCt heavy ; a metallic substance of dark 

gray colour, hitherto produced in very small quantities 
om Baryta. 

Baeombtbr, -RiCAL, from pdpoct weight, and ftirpov, a meas- 
ure ; an instrument for measuring the vaiying weight 
of the atmosphere. 

Bastta ; a compound of oxygen, and Barium, possessing al- 
kaline qualities. 

Bibulous, from bibo, to drink ; that which has the quality of 
drinking in moisture. 

BiFUBCATioN, from biSf twice, and /urea, a fork ; a forking or 
division into two branches. 

Binary, from bisi twice ; containing two units. 

BiNAXiAL) from btSf twice, and axis, an axis ; having two axes. 

BiTUMBN) -MiNons, from bitumen, pitch ; the name ffiven to 
several inflammable substances, which, thou|^ of vo« 







BoBOJf ; ft idftriCt olrre-cdioarad tobitaBceyO^^fc d n ft J fti 
msfe Mid, iniolidilft in tratar, tad a nbiheoadi 

BmhiMi» ftolB M^IMcv ft itMBi|f odoor; ft 1^^ ut 
hkfWB edoQit whkh poMMMim anfioettiii^ €d 
poqgnt tssto. 

a 

OiJ^QBio»froncflfer,bMls tmkmmamn itnA wA^tam 

poMdtobe4iiMftdtlMn£iUlwdiM,aBdtlM 

fie dboi of wUeh k calia^keftt. 
04L0BinQ ; ianitaB thft ■■nftHioi 
Galobim am» nwi caiM*9 liMtv ftpd 

inikranMiiC fiv MfltMinM cdofic* 
Oahllast, jpem wj ii g i Hy ft .bav ; xftMoblisg or ks?, 

Ibm of Mtinu 
CAPtuLB, from cywh , ft titde chMt ;' a imall AtlBot 
Cabbon, from emo, a cotl ; the cliQrmwal namft iior d 
Cataltsis, from icara, thoroughly, and X6u, to loot* 

imaginaiy force which is sapposed to atnst tfaa i 

position of some bodies, and the composition of 
Cathodb, from xarat downwa^, and Mo^f a way ; t] 

which the sun aeta ; (he soiiace at whidk ale 

passea oatof a body, avpposing the emmnt t* a 

the apparent direction of the sun. 
Catioin, from icard, down, and e2/u, to go ; that wbk 

down ; a siA)staBee wMdi in felectiolysia pasaa 

Cathode. 
Caubtio, from i6«tk>, to bum ; posaoeiTng the power c 

ing. 
Chlobirb, from ;tAtipd{', green ; a yellowish-^preen e 

gas, of a pungent smell, and most injunoua to : 

tion. 
Chtmistrt, -ical, from an Anbie word, si^fyinff te 

edge of the substance or constHutaon of bodii 

science whoea object it ia to flitiBiat the MM 

erf" bodies. 
CntauLAnwK} oMtta fa a eaefai 
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■ovMrnimn, -tul, firom ctrewn, aiound, voAferOf to 
bear ; the line which is the boundary of a circle. 

JI4TJIOB, Plani of ; the plane in which crystals have a ten- 
dency to separate. 

ARCiBLB, from coerceoy to restrain ; sasceptible of restraint 

■■BioN, -ITB, from cum, together, and Woe, to stick ; l^e 
xelation among the component parts of a body, by 
which they cling together. 

LANDRR, from ado, to strain ; a kind of strainer. 

MBVSTiON, from comlmro, to burn ; the disengagement of 
light and heat which accompanies chymical combina^ 
tion. 

■PLBMiifTART, from compleo, to fill ; that which is capable 
of filling up, so as to make the entire measure of, a 
quantity. 

ifOATR, from eoneavusi hollow; curved inwardly or hollow. 

•DUcnoN, froin con, together, and dmco, to lead. The 
power of transmitting caloric without change in the 
relative position of the particles of the conducting 
body. 

IB, -ICAL, and -ic ; a solid figure, having a circular base, 
and its other extremity or vertex terminated by a point. 

■OSLATION, from con, together, and geio, to freeze ; the 
process of freezing. 

ffORRiss, from congeries, a heap ; a mass of bodies heaped 
up together. 

rsTiTusNT, from eonsHiuo, to put together ; that of which 
anjTthing consists or is made op. 

rTACT, from con, together, and tartgo, to touch ; the rela- 
tive state of two things which touch one another, bat 
do not cut. 

iTRACTioN, firom con, together, and trako, to draw ; the 
state of being drawn mto a narrow compass. 

rvRRGENT, from con, together, and vergo, to bend ; tend- 
ing to one point from vanoos parts. 

mcTiON, from con, together, and «e^, to cany; the 
power in fluids of transmittmg heat or electiicity by 
currents. « 

ivsz, from con, together, and ee^, to eany ; eanred out 
wardly, or protuberant. 

rvscuLAR, firom cmTms, a body ; eempoMd oi, or nlitBV 
toatomi. 
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Coruscation, from eonueo, to flash or shine ; a fladi, or 
quick vibration of light. 

Grucibli, from cruXf cnuu, a cross; a little pot such as 
goldsmiths melt their gold in ; so called from having a 
cross impressed upon it. 

Cryophorus, from /cpvof, cold, and ^pa, to produce ; an in- 
strument for showing the relation between evaporation 
at low temperatures and the production of cold. 

Crystallography, from Kpv(rraX?LOc, a crystal, and ypd^ 
ta describe ; the science which treats of crystals. 

Crystals, -line, from KpvardX^^ ice ; a substance having 
a regular form, as rock crystal, which resemUes ice. 

Crystallization ; the formation of crystals during the pas- 
sage of certain bodies from a fluid to a solid form. 

Cube, -ic ; a solid figure contained by six equal squares. 

Cyanogen, from Kvavog^ blue, and ytwaUf to produce; a 
colourless gas, which bums vnth a peculiar puipJe 
flame; it is the essential ingredient in the pigment 
called " Prussian blue.** 

Cyanuret or Cyanide ; the compounds of Cyanogen, which 
are not acid. 

Cylinder, -rical ; a solid figure described by the revolution 
of a right-angled parallelogram, about one of its sides 
which remains fixed. 

D. 

Decomposition ; the resolution of a compound body into its 

component parts. 
Bbcrehent, from decrescOy to grow less ; the quantity by 

which anything decreases or becomes less. 
Deduction, from dcy down, and ducot to lead ; the process of 

reasoning by which we infer particular from general 

truths. 
Deflagration, from dejlagroy to bum ; burning. 
Deflection, from de^ from, and flectOf to bend ; a turning 

aside out of the straight way. 
Degree, from de^ down, and gradus^ a step ; a quantiw in 

measurement, as, in geometry, the 360th part or the 

circumference of a circle. 
Deliquescence, from deliqueoy to melt; a gradual melting, 

caused by the absorption of water from the atmo^ybere. 
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body. 
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being co p ?wt e d into ^wpmSf and tfta w ml 
drop by drop. 

DiTBLumT, from ai9tUo, to tear asonder ; that yMek 
separation. 

DiTBROBNT, from £, in diflerant directions, and 9erg9f to bend; 
tending to various parte from one point. 

DoDBOAHRoaoir, from duieKOf twelve, and idpa, a base or 
side ; a aolid figaie contained bj twelve eqoal s^es. 

Dtkamics, -ical, from iwafuc, power ; thst bianch of me- 
chanical acience vHiich treats of moving powers, and 
of the action of forces on aolid bodiee, mma the result 
of that action is motion. 

E. 

Ebullition, iWnn ^buUio, to boil ; the act of boiling. 

Educt, from e, oat of| and iiteo, to draw ; aiqrtbing a q fia ia te d 
£rom another with which it previonalj eziBted m com- 
bination. 

ErrLOBBsoBMCB, from effioreseo, to blow as a flower; the 
formation of smaltcrystals on the smfaces of bodies, in 
consequence of the abstraction of moisture from them 
by the atmosphere. 

Elasticitt, -ic, from kXavvo, to push or thrust ; the proper- 
ty bodies possess of resuming their original form when 
pressure is removed. 

Electricity, from ijXcKTpoVf amber ; the name of a power 
of matter, which produces a variety of peculiar phe- 
nomena, the first of which were observed in the min- 
eral substance called amber ; the laws, hypothesis, snd 
experiments by which they are explained and illustra- 
ted, constitute the science of electrity. 

Elbctrodr, from ^Xexrpov, electricity; and 6Soci a way; 
the point at whicn an electric current enters or quits 
the body through which it passes. 

Electrolysis, -lyte, &c., from ^Xexrpov, electricity, and 
Xvci, to loosen ; the act of decomposing bodies by elec- 
tricity. 

Electro-maonbtism ; magnetism produced l^ electricity. 

Electrometer ; an instrument for ascertainmg the quality 
and quantity of electricity in electrified IxKlies. 

Elbotbophorus ; an instrament for producing dectiicitj. 
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; an inBtrument for exhibiting the attrectiTe 
and repulsive agencies of electricity. 

SbmsNT, -ART, from elementum, an element ; that which 
cannot be resolved into two or more parts, and con- 
tains but one kind of ponderable matter. 

£LLtFSB, from kK, deficiently, and XetTru, to leave ; one of the 
conic sections formed by the intersection of a plane 
and a cone, when the plane makes a less angle with 
the base than that formed by the base and the side of 
the cone. 

Emanation, from e, out, and manoj to flow ; that which issues 
from any substance or body. 

ExFXBiCAL, from hf in, and ireipdoficUf to make trial ; that 
which is made or is done as an experiment, independ- 
ently of hypothesis or theory. 

EMPrBBUMATic, from hf in, and Trvp, fire ; having the taste 
or smell of burned animal or vegetable substances. 

£ji]>08M08i, firom ivSoVf within, and dafid^, the act of push- 
ing ; a flowing from the outside to the inside. 

Epibibmis, from knit upon, and depfio, the skin ; the exterior 
layer of the skin. 

Eqvator, from ttquusy equal ; a great circle of the sphere, 
equally distant from the two poles ; when the sun is 
in this circle, the days and nights are equal in all parts 
of the world. 

Eqvilibrium, from <sf vtt«, equal, and libray a balance ; the 
state of rest produced by forces equally balancing one 
another. 

Eqvtvalbnt, from ttquus, equal, and valeOt to be worth; 
equal in value. 

£tioi.ation ; the blanching of vegetables by exclusion from 
light. 

EvAFOBATioN, ftom e, out, and vapor^ vapour ; the conversion 
of a liquid into vapour. 

EzosMOSB, from l^u, without, and lajfih^f the act of pushing ; 
a flowing from inside to the outside. 

Expansion, from expanioy to open out ; the enlargement or 
increase in th6 bulk of bodies, which is produced by 
heat. 

EzFBBiRNCB, from expertoT, to attempt, to try ; knowledge 
gained by obswvation. 

Kx8 
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Exntmniy; tftinf*hfa»g done in arte to dkeom n vm^ 

certain or nnknoini effect 
Expu»ioif,froai«,oat,eodjri«ii0,toiitteraMrand| swi- 

den espeaeion of ta euatio flnkL with foiea^ and a kmd 

report. 
ExTBAVMua, fipom eJElra, witfaout; Ibraigii and contmy to 

tbi Datura of a thing. 

F. 

FiLLT ; iho exterior rim of a wheel, anpported by the apokea. 

FaBBVOiifovai fipomy^riMi, iron; of son. 

FiLTVB ; a atrainer. 

FiLTBiTtoir ; the proeeaa whereW liqiiida are atrained. 

Flbzubi, from/eeto, to bend ; rae act of bending ; alao tba 
bend or curve of a line or fignre. 

FLVOBiini, from ,^uo, to flow; an elementary principle of 
floor apar, which la ao called from ita acting aa a flaz 
in the woriung of minerala. 

Foo08, -CAL, from foeut, a firephuse ; a point in which a 
number of rays of light or heat meet after being re- 
fracted or reflected. 

FoRMVLA, a general theorem ; it i« called Algebraic, Loga- 
rithmic, dLc, according to the branch of mathematics 
to which it relates. 

Friction, from fricot to rub ; the rubbing or grating of the 
surfaces of bodies upon one another ; also the retarding 
force caused by this rubbing of surfaces together. 

G. 

Galvanism, from Professor Galyani ; current electricity ia 

sometimes so called. 
Galtanombtbr ; an instrument for measuring ffalvaniam. 
Gas, -bous ; a term first introduced by Van Hblmont ; a 

permanent aeriform fluid. 
Gbl ATI nous, from gelo, to freeze; resembling jelly. 
Goniombtbb, from yuvia, an angle, and fiirpovt a meaanra; 

an instrument for measuring anglea. 
Gbnus, -eric, from genusy a whole race or kind 
Gbombtbt, -icAL, from vi^, the earth, and fiirpov, a mea«m; 

the science which treats of the lelatiTo magnitodea of 

extended bodies. 



■■•I QumA-ntrnt 




Ham^ frnB£U«r»a 




HuioeBAFBic, ham w^sar^ ae warn, and jpafu, to wiite ; 

delineated br 

Hbux, fiwn eiuovii. to 

HiMwnmB, frna 9w«*r- Aui* «2id nogfpq, a iphere ; the 

hiMoi%wfkm in 111 tff^fiaamyumDgihna^ihe 



Hmbwiu Seal ; wiiea the neek of a due veaed or tube 
is heated to the mtlung point, and then twiaCed with 
pinccn until it be air-tient, the vessel or tube is said 
to be hermeticallj sealed, or to have received the seal 
of Hennes, the repated inventor of chymistrj. 

HanBOOBmBouB, from trepoct different, and T^Mf, kind; 
diffeceot in natore and piopeitiea. 

HflMOOBVum, from d^, aldu, and, yevoc, kind ; alike in 
natoie and pnpeities. 

Horizontal, from dpi^, to bound or tenninate ; parallel to 
the horizon. 

Htbbatb, from Mop, water; ai^ unciystallized tabstance 
which containa water in a nzed definite proportion. 

Htdrogbh, from idwp, water, and yevvdu, to produce; an 
inflammable, coloorlese, and aerifonn fluid ; the light- 
est of all known substances, and one of the elements 
of water. 

HffPBO ; when prefixed to the name of a chymical substance, 
denotes that hydrogen enters into the composition of 
the substance which it signifies. 

Htdbomktbk, from Odup, water, and fUTpoy, a measure ; an 
instrument for comparing the density and gravity of 
liquids with water. 

Hydrostatics, from Mop, water, and arardct •ttMllQg I «»■* 



tenOi of Natord PyioMpl^ v^iick tn«ki «lt^ 
rare And eqnilibriiim of non-olBstic ilaidi, and aMO of 
Ibe wei^t, praMora, dee., of tolidi immined mttwoL 

Htoroiibtsk, from vypdf , moiat, and idrpw^ « aoaaore ; an 
inafcnimoDt te aaeertaining aoenrately the qnanlitjr af 
jDMrtorBin the Atmoaphen. 

HToaoBooPB, from vypdf, mnat, and <nEOfr^ toconaidar ; an 
inatrument for ojdiibitii^ approzimatiTeljr the moiatnia 
of the atmorahere. 

HTnaeoLA, from vir^ eiceaaiYaij, end fi6Xki^ to pkce; 
one of the ceiiie aeetiaoa fbrnied bj the intefaection 
of a pUne and aoone, when the plane makee a greater 
angle wkh thebaaeof the eone than thet fotwad faj 
the baae and the aide of the eene. 

Hypo, from vird, vmder ; when prefixed to a wofd, denotea an 
inferior quantity id aome ingredient which eoten into 
the compoeition of the aabetance which it aignifiea. 

Ht»othb8I8, -TiOAL, from vird, under, and rid^fUj to place ; 
« pdnciple rappoaed or taken linr granted in oner to 
jMEOie a point m queation. 

I. 

lavnoiATCLT, from tm, without, and ewdtsff, interrening ; 

without the intervention of a second cauae. 
Impinging, from impingOf to atrike against ; dashing againat 
Inoandescbnt, from ineoMdesco, to gmw white; wmte oi 

glowing with heat. 
Incidence, from in, upon, and cadOf to fall ; the direction ii 

which one body falls on or strikes another ; the angle 

which the moving body makes with the plane ofuM 

body strudc, is called the ** angle of incidence." 
Imcrembnt, from incresco, to increase ; the quantity by whicl 

anything increases or becomes greater. 
Induction, -ivb, from in, to, and duco, to lead ; the procesi 

of ^reasoning, by which we are led from general to par 

ticular truths. 
Induction, Electrical ; the effect praduced by the ten 
• dency of an insulated electrified body to excite an op< 

posite electric jstate in neighbouring bodiea. 
Inductometee ; an instrument ror measuring electrical in- 

.duction. 
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bfBSTiA, from nurHat inactifity ; the dispotition of matter to 

remain in its state of rest or motion. 
JwwtJkMUABhEt from tn, and flammot a flame ; capable of bmn- 

ing with a flame. 
iRTLBOTtoif, from in, to, and flecto, to bend ; the same aa 

DiSnction ; which see. 
ImuLATioN, from innUa, an island ; when a body, containing 

a quantity of free heat, or of electricity, is surromidea 

by non-conductors, it is said to be tiuuUued. 
lanNiBAirT, from integer, whole, entire ; those parts of a body 

which are of the same nature with the whole, are caU- 

ed int^rant. 
iRTBKencis, from interstUiumf a break or interval ; the mi- 

occupied spaces between the molecules of bodies. 
loDiDB, from lov, a yiolet, and eUoc, the form or likeness ; a 

compound of iodine which is not used. 
loDiNB ; a soft opaque substance of a bluish-black colour ; 

when heated it gives off a violet-coloured gas. 
Ibidbscint, from Iris, the rambow ; marked with thecoloan 

of the rainbow. 
Iboohbonovs, from laoct equal, and xp^^y ^hne ; performed 

in equal times. 
lioiiBBio, from lao^^ equal, and ^pof, a part; substances 

which consist of the same ingredients, in the same 

proportion, and yet differ essentially in their jnroperties, 

are called Isomeric. 
ItOHBBisM ; that portion of Chymical Science which treata of 

Isomeric substances. 

J. 

JUXTAPOSITION, from juxta, near, and pono^ to place ; the 
placing of one thing close to anotner. 

L. 

Lamina from lamina^ a thin plate ; extremely thin plates, of 
which some solid bodies are composed. 

Lbns, from Uhm, a bean ; properly a small glass in the form 
of a bean ; but more generally it means a piece of 
glass, or other transparent substance, having its two 
surfaces so formed that the rays of light, in passiiy 
through it, have their direction changed^ and tie made 
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to diveige or convezge, or to become parallel after dk 
verging or conyerging. 

Lbtioation, from 2avw, smooth ; the art of reducing to t 
liffht powdeL 

LioNiN, from Ugmtmt wood ; the fibrous structure of vegeta- 
ble bodies, which remains when all the substances 
which are soluble have been removed. 

LiQUBFAOTioN, from liquefacio, to make liquid ; the proee* 
of converting into a liquid state. 

Litmus ; a blue pigment obtained from the Lichen roceUa; 
it is a most delicate test of acids, which turn it red. 

LoADSTONB, i. e., LiADSTONB ; an ore of iron having mag- 
netic properties. 

LoooMBTBic, from ^^of, a proportion, and /UrpoVf measure; 
measuring proportionate spaces. 

M. 

Maonbt, from Magnesioj a town in Asia Minor ; artificial 
magnets are small bars of steel or iron, which, when 
placed at liberty, turn one end to the north. 

Magnetism ; the peculiar property possessed by certain fer- 
ruginous bodies, whereby, under certain circumstances, 
they attract and repel one another according to certain 
laws. 

Magneto-Elrctricity ; electricity produced l^ magnetism. 

Malleable, from malleus^ a hammer ; that which is capable 
of being spread by beating. 

Manufacture, from manusy the hand, and /ocio, to make ; 
literally, anything made by the hand. 

Mass, -ive ; the quantity of matter in a body which is in pro- 
portion to the weight. 

Mathematics, -al, from fiavOdvOf to learn ; the science which 
treats of the ratios of numbers and quantities. 

Maximum, from maxtmusy greatest ; the greatest value of a 
variable quantity. 

Mechanics, (rom fiijxav^j a machine ; the science which treats 
of the laws of the rest and motion of bodies. 

Meoiatbly, from mediusj intervening ; with the intervention 
of a second cause. 

Meridian, from meridiesj midday ; the terrestrial meridian 
of a station on the earth's surface, is the great circle 
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pMung tfacoDgh both the poles of the earth and through 

theplMe. 
Mmtauldboy, from ftiraXXoVf a metal, and Ipyov, a work ; 

the art of working metals, and separating them from 

their ores. 
IfiTiUPHTSics, -lOAL, from fteTct, beyond, and ^fftf, nature ; 

the science which treats of objects inaccessible to the 



Xbtbtlsivk, from fuBv, wine ; a compound resembling alco- 
hol in its constitution. 

liiiiBBALOOY ; the science which treats of bodies not being 
regetable or animal. 

llnnMUM, from mimmuSj least ; the least value of a variable 
quantity. 

MoiBSB Mbtalliqui, from moirie^ a watered silk ; when tin 
plates are washed over with a weak acid, the crystal- 
line texture of the tin becomes apparent, forming a 
crystalline appearance, which has been called Moir^e 
iMtallique. 

MoLBCULBs, -AB, s diminutivo from moles, a mass ; the infi- 
nitely small material particles of which bodies are con- 
ceived to be aggregations. 

MoHniTini, from moveo, to move ; the product of the num- 
bers which represent the quantity of matter and the 
Teloci^ of a body, is called its momentum or quantity 
of motion. 

If uciLAOiNous ; resembling mucilage or gum. 

UvLTiPLB, from muUiplicOf to render manifold ; a quantity is 
said to be a multiple of another when it contains that 
other quantity a certain number of times without a re- 
mainder. 

N. 

Nasobut, from ruucor, to be bom ; in the moment of forma- 
tion. 

KaBATiTB, from 71^0, to deny ; quantities to which the sign 
of subtraction or negative sign is prefixed, are called 
negative quantities ; this sign is also used to denote 
operations which are the reverse of those denoted by 
the positive sign. 

NrnuMBM, from vtrpov, nitre, and ytwdaf to produce ; a col- 
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ooileis gas, devoid of taite or mwll ; it it ono of tlw 

constituents of the atmosphere. 

NoDBs, -AL, from noduSf a knot ; in the doctrine of curree, a 
node is a small oval figure made by the intersection of 
one branch of a curve wi^ another. 

NoEMAL, from normOf a rule ; according to rule. 

NucLBVs, from nucleuM, a kernel ; the central parts of a bodj 
which are supposed to be firmer, and separated from 
the other parts, as the kernel of a nut is from the 
shell ; also, the point about vi^hich noatter is collected. 

O. 

Oblatb, from obf hi front of, and laius, broad ; flattened or 
shortened. 

Oblono, from obf in front of, and longus, long ; greater in 
length than in breadth. 

OcTOHBDBON, -AL, from bxTUy eight, and f dpa, a side ; a solid 
figure contained by eight equal ana equilateral trian- 
gles. 

Olbpiant Gas, from deumy oil, and/o, to become ; a colour- 
less, tasteless gas, which derives its name from its 
property of forming an oil-like liquid with chlorine. 

Optics, from dirrofiaiy to see ; that branch of Natural Philos- 
ophy which treats of vision, and of the nature and prop- 
erties of light, and of the various changes it under- 
goes. 

Organic Matter, from bpyavov^ an organ ; when matter 
possesses organs, or organized parts for sustaining 
living action, as animals and plants, it is called organic. 

Oboamization ; construction in which the parts are so dis- 
posed as to be subservient to each other. 

Oscillation, from oscillor, to swing ; the vibration or recip- 
rocal ascent and descent of a pendulum. 

OxYDE ; a combination with oxygen, not being acid. 

OxYDizABLE ; Capable of being converted into an oxyde. 

Oxygen, from b^vg^ acid, and yewao, to produce ; a colour- 
less, aeriform fluid, which was formerly supposed to be 
the universal acidifying principle. 

P. 

Paeabojua, from wofAj parallel to, and fidVui, to place ; one 
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of the eonie Mctions, formed by the intenedion of a 

plane and a cone, when the plane passes parallel to the 

eide of the cone. 
(abau^I' ; a term applied in geometry to lines and planes, 

which are eyerywhere equidistant from one another ; 

atraightlineS) which, if infinitely produced, never meet) 

are ^led parallel straight lines. 
Paballslogbam ; a four-sideS figure, of which the opposite 

aides are parallel and equal. 
Paballblopipbdon ; a solid figure contained by six parallel- 

CMTams, the opposite sides of which are equal and par** 

j^nuoLB, a diminntiye from pelliSf a skin or crust ; a thin 
cmst formed on the surface of a solution by oTapori- 
zation. 

Pbrdulux, firom pendeOf to hang ; a heavy body so suspend- 
ed that it may vibrate, or swing backward and forward 
about some fixed point, by the action of gravity. 

PiBOOLATV, from per, through, and colo, to strain ; to strain 
Ihroaeh. 

PiBMBATi, from permeo, to pass through ; to penetrate. 

PBbpbiidicular ; the straight line which, standing trpoti 
another straight line, makes the adjacent angles equal, 
and consequently right angles, is said to be perpemdie 
nlar to the line upon which it stands. 

Pebbombnon, from ^vouac, to appear ; an appearance. 

pBiLOSOPHY, -iCAL, from ^iTJoj to love, and ooiftiaf wisdom ; 
the study or knowliedge of nature or moraUty, foun^ 
ed on reason and experience, the word originally im- 
plying "A love of wisdom." 

Phlooiston, from ^Xeyu, to bum ; a name given by the older 
ehymists to an imaginary substance, which was con- 
sidered as the principle of inflammability. 

pHoaoBNB, from 0<^, light, and yewda, to produce ; produ- 
ced by light. 

PsoePHORus, from ^f, light, and <^ipQ, to produce ; a highly 
inflammable substance, obtained from calcined bonM, 
which emits light when placed in the dark. 

Pbotombtbb, from ^f, light, and fterpov, a measure; an 
instrument for measuring the different intensitfes of 
. h^U 

PatslGf I -icAL| from fwriCt nature ; the seieiice ^ natonl 



■flbcticwi, motiom, md optttlkwi. 
PumouMT, -lOAi., ffom f^ip, Mtore, tni X6/or,in ieeomil 
Um MMBM wMek tiMti of ihe «traetiiM d" Mviag b«-j 

stnng to maiktlM diiMtioB of gntiitf on- a poipondic- j 

utetathoeoitk .- ! 

PmnuTioa, ficom irvefi^ ifr; tettaneh of N«tanl n^J 

lowphf i^tth tnrtt of tlM ifoi^ IMamm iod ch*- 

tioi^ of aeiUtvai toido. 
Polabitt; the oppodUon of two oqiial foKCM IB bodieoy •» 

Skx to thit #iiMh.€Oiifeni ttie tond— ey of wignoriiel 

bodioo to point to tko mt^piolio polotk 
PoLAKiiiTioN ; tbo' comtnwnjcitMm oi tho abort oppoaiticNi 

offixeoa. 
Foijuuiai^IdOflT) %bl«ludi,b3rnAaetion€riofiBetioiiafta 

oartain aiflk^ or b]rnfiiaBaioBiii.cartahi€ayatala,kM 

acquired m prapartf of eifaAitkig o^poifta efifeeta la 

planes at ri^t aiigles to each o^mt, la aaii to be po- 

P(MLBa ; the extremitiea of the azia about which a body ro- 
Yolvea. 

PoLM OF A Magnbt ; points in a magnet where the intensity 
of the maffnetic force is a maximum ; one of these at- 
tracts^ aadanothar repels the same pole of another ma^ 
net. 

FoBKSt from inpoc, a passage ; the small intatsticea between 
the solid particles of bodies. 

Pbbcipitation, from praeipitOf to hH aaddenly ; the separa- 
tion of a solid from a liquid ; a triangukr sksa sdid 
used for the separation of rays of light by renaction* 

Pboduct, f rom jirev Inrtlv and duco, to draw; anything form- 
ed from the elements of another by an operation. 

Pboobession, from pro^ fcNrward, and graHar, to step ; a se- 
ries of quantities adTsncing in the same manner or ac- 
cording to the same law ; in an arithmetic ptogression, 
they increase or decrease by a common dimraice ; in 
a geometric by a common ratio. 

Pbojbctilb, ftom prOj forwaid, and jaci$, to throw ; a heavy 
body projected, or cast forward into spaca, by* any 



OL088ART. 399 

^koffMmmi; the relation of eqoality subsisting between two 
ratios. 

fkoTKACTOt, from prOt forward, and trahoy to draw ; an in- 
stmment for protracting or laying down on paper the 
angles of a figure. 

FrsoiiBTBR, from iriJp, fire, and fiirpov, a measure ; an in- 
strumenc for measuring higher degrees of temperaturo 
than can be ascertained by a thermometer. 

PimozTLic Spirit, from irOp, fire, and b^^, acid ; a colour- 
less transparent spirit obtained by the destructive dis- 
tillation of wood. 

Prmo; when prefixed to a word, denotes that the substance 
which It signifies has been formed at a high tempera- 
ture. 

Q. 

QOADBANT ; the fourth part of the circumference of a circle. 
QoALiTATivK ; regarding the properties of a body without ref- 
erence to quantity. 
QvAJfTiTATiYB ; regarding quantities. 

R. 

Radiation, from radius^ a ray ; the shooting forth in all di- 
rections from a centre. 

Radioal, from radix, a root ; the original principle of a com- 
pound. 

Radius ; the straight line drawn from the centre to the cir- 
cumference of a circle. 

Radef ACTION, from rams, rare, and /acto, to make ; the act 
of causing a substance to become less dense ; it also 
denominates the state of this lessened density. 

Ratio ; the relation which subsists between two quantities 
of the same kind, the comparison being made by con- 
.aidering what multiple part or parts one of them is of 
the other. 

Rat ; a beam of light propagated from a radiant point. 

RiAonoN ; the reciprocation of any impulse, or force im- 
pressed, made by the body on which such impression 
is made. Reaction is always equal to action. 

Rbconditk, from reemido, to hide ; hidden or concealed. 

RscTANGLB, from rectus, right, and anguhu, an angle ; a 
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l lAUb all the inglei 

ngu W^H, wiB III upiiiMiM itdss equal and patallcl. 

BaowntTMit tiw aoetm nf towiag anytliing off by di-; 

*" ' In wte to nak* it imm pure and rc&ned. 

■ ■ • ■ l.d,by.tr.i, 

. . _ >! to bond ; 

bindii^ Uek ; wlNa nja'of I#< fall on the suifacM 

rf IwdtM, pKt of tbam m Ihraini back 01 leSeoud. 

BMSMDOM.Enni'^ back, ndyin«v*k>o break i the dn» 

tkm of !■;■ •< ligbt torn thaii diiact ooon^ wImb 

Ectuhsiblbj ■MBtf ri bla of wfraetic*. 
BArBioBkansK, ftoB ri, h*'^ '"^ fiv^i 
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RHoniia ; ■ figura which hu all ita lidaa equal, bat it* Mt- 

glea ore not light angles. 
Rbohbohimon ; a aolid figure, wlioa« aide* ure compoaed of 

ttaombi. 
BaoBBOiD ; a figure which haa ita oppoiile lidea equal, bat 

■U ita ai^ea ai* Dot •qool, neithet an *U ita an^ca 

ngtic auglaa. ' 

S. 

8 JLiiiAiLc Biais, ftom aol, aalt, and Jia, to beconw ; bodiea 
capable of combiuing wiOi acids to form aalta. 

8ira>, rrom Mapic, u> tuta of; pnaamiing tfaa power of ex- 
citing the grgauB of lute. 

SiTUKtTioii, -iTXD, from satw, full ; ths aolu^n of one 
body in aoothei until the leceiving bod; can contain 

SoiLi, Gram moIo, b ladder; ■ninabumnit in wkich a line ia 
divided into inull sad equal parte, and which ia a|^ic4 
tor the purpow of aacertainiug the relative dimenaimii 
of other lengtlu not ao divided. 
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09 A CiiOLi ; any portion cut off by a straight line. 
&Bi«BHiinf , from aeXijvrft the moon ; an inflammable solid body 
of a reddish brown colour ; it is tasteless, and possess- 
es metallic lostre. 

Sura ; the straight line, drawn from one extremity of an arc, 
perpendicular to the radius which passes through ihe 
other extremity. 

SouFTiOM, from soho, to loosen ; in chymical language, any 
fluid which contains another snbstance dissolved in, 
and intimately mixed with it. 

SoLTSNT ; any substance which will dissolve another. 

Spbcipic, from species, a particular sort or kind ; that which 
denominates any property which is not general, but is 
confined to an individual or species. 

Spicteum ; the coloured image formed on a white surface by 
lays of light passing through a hole, and being refract- 
ed by a ^ass prism. 

Sphsbb ; the solid figure formed by the rotation of a seiAicir- 
cle about its diameter. 

fipHBBOiD, -AL ; a solid figure, formed by the revolution of an 
ellipse about one of its axes ; hence it is sometimes 
called an ellipsoid ; the spheroid will be oblate or pro- 
late, according as the revolution is performed about the 
minor or major axis of the ellipse. 

Statics, -ical, from (rrardf, standing ; that branch of me- 
chanical science which treats of the equilibrium, pres- 
sure, weight, (Sec., of solid bodies when at rest. 

8tbatdm, from stemo, to strew ; a layer. 

Stmmbtry, -ical, firom avvy together, and fiirpovt a measure ; 
conformity of measure. 

Strthbsis, from ow, together, and, riSrifUy to place; the 
composition of a whole from its parts ; in mathematies, 
the process of reasoning put new principles firom those 
abeady established. 

Sublimation, from sublimiSf high ; the act of raising into va- 
pour by means of heat, and condensing in uie upper 
part of a vessel. 

Sulfhurbt ; a combination of a metal with sulphur. 

Synchronous, from ow, together, and XP^^f t">^ * V^^ 
formed in the same time. 

LlS 
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T. 

Taotili, from iimga, to touch ; of or relating to touch. 
Tangint, -lAL ; the line which touches a circle or any other 

curve, but does not cut it. 
Tbntatitb, from Unto, to try ; e3q>erimental. 
TiRNABY, from teTf thrice ; contaming three units. 
Tbtbahboron, from riaaapec, four, and Mpa, a base or side ; 

a solid figure contained by four equal and equilateral 

triangles. 
Thbobt, -btical, from det^piOf a view ; a collected Tiew of 

all that is known on any subject into one. 
Thbbmo-Elbotricitt ; electricity produced by heat. 
Thbbmometbr, from depfioc, heat, and ftirpov, a measure ; sn 

instrument for measuring the degrees of heat. 
Thbbmoscopb, from dipfioc, heat, and axoirecj, to view ; an 

instrument for exhibiting the powers of heat. 
Tibb ; a hoop of iron used to bend and receive the felly of a 

wheel. 
Tobsion, Fobcb of, firom torqueot to twist ; a term applied 

by Coulomb to denote the effort made by a thread 

which has been twisted to untwist itself 
Tbansparbnt ; a term to denote the quality of a substance 

which not only admits the passage of light, but also of 

tho vision of external objects. 
Tbitubated, from trituro, to thrash ; reduced to powder. 
Truncation, from trunctis, cut short ; the cutting off a por- 
tion of a solid, as of the solid angle of a crystal. 

U. 

Undulation, from u?u2a, a wave ; a formation of waves. 
Uniaxal, from uniu, one, and axUt an axis ; having but one 
axis. 

V. 

Vacuum, Latin ; a space empty and devoid of all matter. 

Ventilation, from venlus, wind ; the supply of fresh air. 

Vernier ; an instrument invented by Vernier ; it consists of 
a small moveable scale, running parallel to the fixed 
scale of a quadrant or other instrument, and having 
the effect of subdividing the divisions of the instru- 
ment into more minute parts^ 
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ViBBATioN, from vibrot to brandiBh ; the regnlar reciprocating 
motion of a body, as of a pendulom, 6lc. ; a mo^n 
to and fro. 

YoLUMB, from volumen, a roll ; the apparent epace occupied 
by a body. 

W. 

WiiGHT ; the pressure which a body exerts vertically down- 
ward in consequence of the action of gravity. 

Z. 

Zrao ; the numeral 0, which fills the blank between the ••* 
cending and descending numbers in a series. 
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